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About 
This Book 



Prijme's 50 Series^Mfaitdly is a sophisticated group of totally 
compatible supermini computers. Its members are the Prime: 



6350TM 


9955 IITM 


9955™ 


9950™ 


9755™ 


9rb0™ 


9655™ 


9650"^"^ 


2755TM 


2655TM 


2550^1^ 


2450™ 


2350™ 


2250™ 


850TIV1 


750TM 


650™ 


550-11™ 


550TM 


500™ 


450™ 


1450"^'^ 


400TM 


SSO"^!" 


250-IITM 


250™ 


150TM 





The 50 Series sjTStems embody aji advanced 32-bit axGhitecture that 
grants the user the ability to perform complex tasks efficiently and 
quickly. This document describes the 50 Series arciiitectvire from a 
functional point of view. 



XX. 



NOTES TO THE READER 

Groups of people will fiixl this document useful: engineers, 
prograanrters, designers, and technicians. To read this book, you should 
have a basic urrierstajxHng of computers, but not necessarily of Prime 
computers. Prime stresses a high degree of compatibility across its 
product line; therefore, you can apply much of the ir^ormation 
contained in this bodi to other Prime machines, as well as to the 50 
Series machines. 



CRGANIZATION OF THIS GUIDE 

Because this guide stresses the functional aspects of the 50 Series 
processors, the topics are organized according to function. Chapter 1 
presents a general overview. Chapters 2 through 11 each describe one 
aspect of the ss^stem, beginning with memory configuration and 
addressing and ending with the I/O system. Each chapter builds on the 
information contained in the previous one. Chapters 1 through 11 may 
be sxammarized as follows: 

• COaapter 1 gives an overview of the 50 Series systems. 

• Chapter 2 presents the configuration of the 50 Series phjTSioal 
and virtual memory. 

• Chapter 3 discusses virtual addressing, modes and formats, and 
address trajs. 

• Chapter 4 describes memoiy management and its data structures. 

• Chapter 5 gives the control data structures and restricted 
Instructions. 

• Chapter 6 specifies the datatypes supported on the 50 Series 
systems. 

• Chapter 7 presents the braacih, skip, and jump instructions. 

• Chapter 8 defines procedure calls, the stack, and argument 
transfers. 

• Chapter 9 describes single-stream process exchange and its data 
structures. 

• Chapter 10 deals with interrupts, faults, checks, and traps. 

• Chapter 11 discusses the I/O system (EMA, EMC, EMT, and EM?). 

Throughout these chapters are lists of Priite assembly language 
instructions that pertain to the topics under discussion. These lists 
briefly define the instructions' actions and show how they relate to 
the topics. 



Appendix A discusses sjrstem pcwer-up and the Initialization of 
registers. 

Appendix B presents the characteristios of the following eaxlier 
processors: 2250. 850, 750, 650, 550-11, 450/550, 500, 1450, 400, 350, 
250-11, 250, and 150. 

Appendix C describes process exchange on the 850, a processor with 
dual-stream architecture. 

Appendix D contains Instruction summaries for all modes. 

Appendix E describes the system architecture for the 2455. 
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PRIME DOCUMENTATION OQNVENTIQNS 



The following conventions are used in coramand formats, statement 
formats, and in examples throughout this docuirent. Examples illustrate 
the uses of these commards arxi statements in typical applications. 



Convention Explanation 

UPPEE^CASE In coiranand formats, words 
in uppercase indicate the 
names of commaiids, options, 
statements , and keywords . 
Enter them in uppercase. 

lowercase In command formats, words 
in lowercase indicate vari- 
ables for which you must 
substitute a suitable value. 

Apostrophe An apostrophe preceding a 
numiber indicates that the 
number is in octal. 



Example 
GRL 



IDA address 



'200 



Xll 



1 



System Overview 



The CPUs of slLL 50 Series systems shaxe a ooramon axohitecyture and one 
operating ss^tem. Ttils cammonality is what makes the 50 Series a line 
of completely upward-compatible and downward-compatible systems. The 
larplementation of the common aj?cshitecture, however, is slightly 
different for each member, allowing the 50 Series systems to address a 
wide variety of user needs as well as to remain compatible. The first 
part of this chapter explores the single-stream CHJ inrplemented on the 
2350 to 9955 II. The secoM paart of this chapter discusses special 
features of the 6350, the newest processor. 



Note 

The earlier processors 2250, 750, 650, 550-11, 550, 500, 450, 
1450, 400, 350, 250-11, 250, aai 150 are also single-stream CPU 
processors. This chapter identifies where their single-stream 
implementation differs from the current processors. For a 
detailed discussion of these differences, refer to Appendix B. 
The 850, another earlier processor, is the only system with a 
dual-stream architecture that is discussed in Appendix B also. 
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SINGLE-STREAM ARCHITEgrURE 

The CPU can be divided into foiir major units. The first three of these 
are implemented on all single-stream members of the 50 Series family: 

• Cache, STLB, eund lOTLB 

• Control store 

• Execution unit 

• Instruction unit 

The instruction unit is a feature of the ^sterns and serves as a 
mechanism to process instructions at a greater speed. Of the earlier 
processors, only the 750 and 850 have a fourth imit also, called the 
Instruction Preprocessor Unit and discussed in Appendix B. 

Figure 1-1 diagrams this axchitecture. This figure also shows the 
diagnostic processor which, among other functions, can load the control 
store and operate as the system terminal. The diagnostic processor 
also provides support for environmental sensors and the uninterruptable 
power supply. For the 6350, the diagnostic processor supports battery 
backup capability. 



Cache, STLB, and lOTIB 

The 50 Series uses a virtually addressed, write-through cache . Each 
cache entry contains the contents of 32 bits of recently accessed 
physical memory. Eajch entry also contains parity and valid bits as 
well as the physical page number that contains the 32 bits. (For the 
cache entry format on the earlier processors, see Appendix A.) 

The 6350 has a two-set associative cache that is accessed in parallel 
to retiim two cache entries, each for the contents of 32 bits. Th-us. 
two virtual addresses with the same cache index address can be used 
together without references to the one virtual address forcing the data 
for the other virtu£Q. address to be overwritten. This effectively 
eliminates two-way thrashing that could reduce performance. 

If the contents of a specified location can be found in the cache, the 
system saves a great deal of time: it tatoes only 0.25 to 0.5 of the 
minljnum instruction time to access the cache and get a cache hit, a 
vast improvement over the approximately 2 to 6 times the minimum 
instruction time needed to access physical memory. The time saved can 
be spent performing other operations rather than waiting for a memory 
reference to complete. 
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Block Diagram of SiBgle-prooessor ArGhitecture 
Figure 1-1 
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To speed up the virtual to physical address trajislation, the STLB 
(Segmentation Tai)le Lookaside Buffer) contains the results of the last 
translations: 1024 translations on the 6350; 512 translations on the 
2350 to 2755, 9650, and 9655; and 128 translations on the 9?50 to 
9950. 

The 6350 has a two-set associative STLB that is accessed in parallel to 
return two STLB entries. Thus, two virtual addresses with the sajne 
STLB entry address can be used together without references to the one 
forcing the mapping for the other virtual address to be overwritten. 
This effectively eliminates two-way thrashing that could reduce 
performance . 

Because prograBS tend to reference the same set of locations during 
their execution, the ssTStem can perform a translation once, store the 
result in the STLB, and then have it for reference the next time the 
user specifies the same location. Because the STLB has a much faster 
access time than phj^ical memory does, referencing it saves translation 
time as well as access tljne. 

Mapped I/O allows the limited addressing range of EMx input /output 
transfers to address all of physical memory. It is especially useful 
when the processor is transferring several contiguous pages in virtual 
memory to ph3^ical locations that may not be contiguous. The lOTLB 
contains the information needed to map the transfer addresses to 
phjTSical memory locations. The lOTLB, with the STLB, forms the 
virt\ial-to-physical address mapping hardware and contains 256 entries 
for the 6350, and 128 entries for the 2350 to 2755, 9650 to 9955 II. 

See Qiapter 4, MEMCRY MANAGEMENT, for m03?e information about cache, 
STLB, and address translation. See Chapter 11, INPUT-OUTPUT, for a 
description of the lOTLB. 



The Control Store Unit 

To speed up execution, the 50 Series systems implement many functions, 
such as procedure calls, in hardware and firmware. (Procedxire calls 
are explained in Chapter 8.) The firmware that governs instruction 
execution is contained in the control store RAM: 80 Kbytes for the 
6350; 50 iO^jrtes for the 9750 to 9955 II; 128 Ktytes for the 2755; 
and 64 Kbytes for the 2350 to 2655, 9650, and 9655. 
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The Execution Unit 

This unit performs the computation required during instruction 
execution. Elements of the processor execution unit include: 

• Integer arithitetic logic unit (ALU) 

• Dscimal ALU 

• Floating point unit 

• Register file 

Figure 1-2 shows a diagram of the processor execution unit. 



ALUs : The integer arithmetic logic unit (ALU) performs the desired 
operation on the user's two's complement data. In a similar fashion, 
the decimal ALU and the floating-point unit haixile decimal and 
floating-point operations, respectively. These units can perform tests 
and checks as well as arithmetic operations. 



Register File : The register file contains up to eleven sets of 
registers, depending on the processor model. Each set contains 32 
32-bit registers. There are three types of register sets: user, 
microcode scratch and sj^em status, aM EMA. User register sets 
contain information about a process and about the system as the process 
sees it. Specifically, user register sets contain information about 
the general registers a process can use, addresses of fault handlers, 
contents of system registers, aud other useful information. 

Direct memory registers contain direct memory access (EMA) channels to 
speed I/O operations as discussed in Chapter 11. 

The 6350 and 9750 to 9955 II have eight register sets: four sets of 
user registers, two sets of microcode scratch arxi sj^stem status 
registers, one set of direct memory access registers, and one reserved. 

The 2350 to 2755, 9650, and 9655 have eleven register sets: eight sets 
of user registers, three sets of microcode scratch aM system status 
registers, and one set of direct memory access registers. 

See Appendix B for the registers sets of the earlier processors listed 
on page 1-1. 
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SYSTEM OVERVIEW 



The Instruotlon Unit 

The 2350 to 9955 II have an instruction imit designed to speed up 
execution ty processing information aJxnit instructions before 
execution. The instructions are read from cache and decoded to provide 
the information necessary for effective address formation and for 
execution of the instruction. 



INSTRUCTION PIPELINE USE 

The 2350 to 9955 II use a pipeline to speed up instruction decoding and 
execution. The pipeline of the 6350 aM 9750 to 9955 II has five 
stages. The pipeline of the 2350 to 2755, 9650, and 9655 has two 
pihases. Both pipelines are discussed helow. 



The Five-Stage Pipeline 

The 6350 and 9750 to 9955 II use a five-stage pipeline technique for 
executing instructions in parallel, thus speeding up instruction 
execution considerably. The execution of each instruction for this 
pipeline through the five stages is shown in Table 1-1. Each stage 
takes two beats to complete, where a beat is a certain constant of 
time. The beat rate is the minimal time interval that the processor 
requires to perform some useful task. 

A processor using the five-stage pipeline executes instructions in 
parallel. This means that the processor does not have to contplete the 
entire five-stage sequence for one instruction before it can begin 
executing the next. Rather, instructions are processed somewhat like 
cars in a factory assembly line. The cars travel past a number of 
specialized stations. At each station a specific operation takes 
place. Then the car moves on. After a certain length of time the next 
car arrives at the same station where the same operation occurs. 

The five-stage pipeline processes instructions in a similar fashion. 
After every other beat, a new instruction arrives at a station, and 
that station's operation is performed on it. 

Using the pipeline in this fashion, a processor executes Stage 1 of the 
first instruction. When it begins on Stage 2 (Beat 3) of the first 
instruction, that processor can also begin Stage 1 (Beat 1) of the 
second instruction. Likewise, when a processor begins Stage 2 (Beat 3) 
of the second instruction, it can also begin Stage 1 (Beat 1) of the 
third, and so on. This means that the pipeline can begin a new 
instruction every other beat. 
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Table 1-1 
The Five-Stage Instruction Pipeline 



Stage 

1 

1 
2 



Beat 
1 

2 
3 



Action 



4 

5 
5 



8 
9 

10 



Send the contents of the lookahead program 
register to the memory address register. 

Read the next instruction from the cache. 

Staa?t decoding the address of the nejct 
instruction. 

Read the contents of the base and index 
registers . 

Form the effective address and the control 
store address. 

Send the contents of the effective address 
register to the memory address register and 
fetch the contents of the next microwoM. 

Read the operajid from the cache and register 
file. 

Execution, pihase 1 (ALU). 

Execution, phase 2. (Transfer results to RS.) 

Store the results of the operation. 



The rate of instruction-flow through the pipeline is determined lay the 
processor's use of system elements at each beat. As shown in Tfeible 
1-1, Beats 2 and 7 both use the cache, and Beats 7 and 10 both use the 
register file. When two instructions in the pipeline request the same 
element at the same tame, a conflict occurs. Starting a new 



^ f* 



m J L 



j-u»i/ru(jL.j.uxi evwry uuxibx- x*jau iaLmimzeB x.nxB uype ui uumt i iuu . 

When there are no conflicts in the pipeline, simple instructions 
complete execution every two beats. Some instructions, however, 
require more than two beats to complete execution. When this occurs, 
the pipeline holds up operations on the subsequent instructions vintil 
it has completed the extra operation for the first instruction. During 
the holdup, the processor still forms control store addresses and 
fetches microcode words, but it performs no prefetch or effective 
address calculations. 
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The Branch Caahe aM the Five-Stage Pipeline : The 6350 aixi 9750 to 
9955 II Vise a memory called the branch cadhe to record and predict the 
target address for jump and branch instructions. The branch cache 
contains 256 to 1024 entries, depending on the processor model. 

Because these processors execute instructions in parallel in their 
pipeline, they might begin to execute Instructions down an incorrect 
path, following a brancih, before they had determined the correct branch 
address. If this occurs, the processor must flush the pipeline of all 
instructions from the wrong branch path, and then must begin execution 
down the correct branch path. This sequence of steps causes a delay. 

To minimize the chance of such an occurrence, the branch cache contains 
information about the branches that have previously occurred in the 
program. The processor Tises this information to determine whidh branch 
was most recently taken for each conditional instruction. The 
processor then assumes that the same branch will be taken this time. 
If the prediction is wrong, the processor adds a new entry in the 
cache, specifying the correct branch for future use. 



Flv^hing the Five-Stage Pipeline : If an instruction stores data into 
the stream of instructions that follows it, the five-stage pipeline may 
have to be flushed before further calculations take place. 
Store-instructions in S and R modes automatically flush the pipeline; 
therefore, no further actions are required arxi performance is reduced 
substantially. V mode and I mode store instructions, however, do not 
automatically flush the pipe. Either an B64V (V mode) or an E32I 
(I mode) instruction will perform the flush. 

Prime systems are designed for pure procedure. All 
translator-generated code avoids storing into the instruction stream. 



The Two-Phase Pipeline 

The 2350 to 2755, 9650, and 9655 use a two-phase pipeline technique for 
decoding and executing instructions in parallel, thus speeding up 
instruction execution. While these processors perform the effective 
address formation and execution of one instruction, the next 
instruction is read from cache and decoded. 
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SPECIAL FEATURES OF THE 6350 



Although the 6350 follows the general arGhitectiire of the 50 Series as 
shown in the previous discussions, it contains several features 
designed for outstanding performance in a multiuser environment. 



Two-Set Associative STLB 

The two-set associative STLB increases the likelihood that the physical 
translation of a virtual address is in the STLB. This lessens the 
cihajioe that the slower virtual-to-physical address translation 
mechanism has to be used. 



Two-Set Associative Cache 

The two-set associative cache increases the protability that the cache 
will contain the correct data. This featxire increases the likelihood 
that the physical translation of a virtual address is in the STLB. The 
combination of the two-set associative cache and the two-set 
associative STLB adds up to increased performance for the 6350. 



lOKH ECL Design 

For swift execution of instructioi^ , the 6350 uses lOKH ECL (emitter 
coupled logic). Memory parts using lOKH ECL are about twice as fast as 
those made of ECL at the sane power level. Most of the logic is 
contained in semi-custom gate arra}^. 



Barrel Shifter 

To speed up floating-point operations, the 6350 uses a barrel shifter. 
Moreover, this feature provides more power for manipulations performed 
in shift and rotate instructions. 



Expanded I/O System 

The 6350 's I/O system has been expanded to speed up I/O performance and 
permit the parallel operation of a greater number of controllers. This 
feature is achieved through the use of new EMx operations and four I/O 
segments (0 to 3). 

rTft~» r:*rrcr\ I ^ .^.^-vr- T**/»» ^-»rt.^-«*-.+-'i /^i-»/^ Qf^a /-\-«j-4- ^-n-kn^ .--^i-^ TOuTA rjO V.-i -•- r^-i -i-t/^T i-s 4-*r»Q-rtr*-Pr%T> 

XIU:^ OOUU & iitJW J_a.'L&. u^-tsx CL o-Lkjiio dU. o tiA. uciA-«:?-i. uvic^ , tjcj^j^j- u oj-li^^^ wx culhw* xc^x 

EMA, 32-bit burst mode EMA, and 16-bit burst nc. 



Second Edition 1-10 



SYSTEM OVERVIEW 



In extenaed EWA, theCMA control words cem be located anywhere in the 
I/O segments in memory, not just in the EMA register file, as long as 
the control word is 32-bit aligned. Single 32-bit EMA transfers 32 
bits at a tline instead of 16, and 32-bit burst mode transfers four 
32-bit quantities at a tijne rather than four 16-bit ones. 

EWT has been expanded on the 6350 to allow 16-bit burst EWT, wherety 
the CPU receives a main memory address and then reads or writes f o\ir 
16-bit quantities at a time rather than just one. 



Ambient Temperature Environmental Sensor 

The 6350 now has an ambient temperature environmental sensor that 
detects when the air surrounding the processor has exceeded a certain 
temperature. Chapter 10 discusses this in further detail. 



Battery Backup Capability 

In the event of a power failure, the 6350 has a battery backup 
capability that keeps powered the memories, maintenance processor, and 
memory refresh logic of the CPU. 
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Physical and Virtual 

Memory 



The 50 Series processors are virt\ial memory systems. This meajis that a 
very large, protected, virtual address space is avatlafcle to each viser 
who is logged onto the system. This virtual address space is supported 
by a much smaller physical address space invisible to the user. 

Virtual memory has several advantages. To the user logged onto the 
system, there appeaxs to be an address space of almost imllmited size, 
which can support very large applications without using overlays. This 
address space is protected against unauthorized accesses in hardware. 
To the system owner, a virtual memory scheme provides the ease of -use 
of a large memory at the cost of a much smaller amount of hardware. 

The three key parts to a virtual memory scheme are pihysioal memory , 
virtual memory , and a manager to control the virtual memory scheme. 
The manager is the operating system, PRBDS, and its attendant hardware 
and firmware support. This chapter describes the characteristics of 
the 50 Series physical and virtual memory, and Shows how PEIIMOS 
coordinates the 50 Series virtual memory scheme. It also describes 
some of the hardware protection mechanisms implemented in the 50 Series 
virtual memory. 
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PHYSICAL MEMCRY 



HiysicsQ. memory encompasses all hardware paxts of the system used to 
store laxge blocks of information. There are three types of physical 
memory: 

• Cache 

• Main memory 

• Disk 

Figure 2-1 shows the relationship between the three elements of 
physical memory. 
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Figure 2-1 
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Caohe 

The cache is a data buffer that stores copies of the information 
contained in the most frequently referenced memory locations. Its size 
varies from sj^tem to system as shown in Tafcle 2-1. During program 
execution, this buffer is used to speed up memory references. 

Consider the following. Since cache is a form of very high speed 
memory, it takes only 0.25 to 0.5 of a minimum instruction tijie to 
access data stored there. In contrast, it takes about 2 to 5 times a 
minimum instruction time to access data stored in main memory. This 
difference in access times makes it very advantageous to access cache 
whenever possible. 

Three factors determine how often the cache contains the correct data 
(known as the cache hit rate ) : 

• The size of the cache (16 to 64 Kbytes) 

• The organization of the cache (two-set associative or one-set) 

• The information fetch rate (block size) of 32 to 64 bits, 
depending on the system and the amomit of memory interleaving 

• Locality of reference (the tendency of a program to execute 
within a small pait of itself at any time) 

The 50 Series cache hit rate varies from system to system. See Table 
2-1 for details. 



Table 2-1 
Cache Sizes and Hit Rates* 



S57stem 



I No. Sets I Size Per Set i Total Size I Rate 



2350 to 2655 and 
9650 to 9950 

2755, 9955, and 
9955 II 

6350 



1 
1 
2 



16 Kbytes 
64 Kbytes 
16 Kbytes 



16 Kbytes 
64 Kbytes 
32 Kbytes 



95% 
>98% 
>98% 



"For earlier S57Stems (listed on page 1-1), see Appendix B. 
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Meiin Memory 

Paxdsaged onto printed circuit boards, the main memory uses dynamic 
random access storage devices for data retention. All memory 
incorporates error detection and correction techniques and the 
capability of performing two-way interleaving. 

Error detection ard correction allows the memory to remain functional 
ani to output correct data when a single bit in a 16-bit or 32-bit 
cjuantity (depeoiLng on processor model) has become faulty. This type 
of error is referred to as an BCXX!. If more than a single bit in a 
single 16-bit quantity is in error, the fault is uncorrectable, an 
BOCU. All two-bit errors are detected as well as many inulti-bit 
errors . 

Interleaving effectively deci'eases the memory cycle time, increases 
memory accessibility, aM allows more efficient use of the I/O bus. 

There are two types of memory for all 50 series processors: the array 
card driven by a memory controller for the 6350 and 9750 to 9955 II; 
and the standalone memory subss^em for all other 50 Series processors. 

The memory array cards used on the 6350 and 9750 to 9955 II require a 
memory control unit to supply commands, error detection and correction, 
aai all interaction to aixi from the central processing unit. The 
8-megabyte board has a 64-bit-wide storage capability that interacts 
directly with the memory bus. The total main memory capacity of the 
6350 and 9750 to 9955 II is as follows. 

9750 and 9755: 12 megabytes 

9950 and 9955: 16 megabytes 

9955 II: 32 megabytes 

6350: 64 megabytes 

Each standalone memory board used by the 2350 to 2755, 9650, and 9655 
has a memory capacity of 2 or 4 megalytes to provide a maximum storage 
capacity as follows: 

2350 to 2655: 8 megabytes 
9650 and 9655: 8 megabytes 
2755: 16 megabytes 



The board itself has a 32-bit-wide storage capability that interacts 
directly with the memory bus. 

Appendix B contains a description of the standalone memory subsystem 
for the earlier processors listed on page 1-1. 
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Disks provide storage for all virt\:ial memory. With the proper access 

rights, the sjTStem or user can access this information. When the disk 

is axx)essed, a copy of the information is moved from disk to main 
memory. 



VIRTUAL MEMCRY 

Virtual memory is divided into units called segments that contain up to 
128 Kbytes each. Segments axe virtual units, not physical ones, that 
aid the user and the S37Stem in organizing their virtual address spaces. 
For example, the user can organize program code in one segment and 
program data in a second one. Segments make it possible to allow extra 
room in a program for vaxiatole length data structures, such as arrays 
whose dijtvensions can change each time the program runs. Segments also 
allow the user to build modular programs, one module to a segment. 
FRIMOS uses segments similarly to organize its own code into modules. 

The virtual address space of each user contains 4096 segments. These 
are subdivided into four groups of 1024 segments each. The segments 
are subdivided to make address translation and segment sharing easier. 
(See the next section and Chapter 4, MEMCRY MANAGEMENT. ) 



Shared and Unshared Segments 

In the Prime virtual memory scheme (diagrammed in Figure 2-2), each 
user address space of 4096 segments is divided into shared and unshared 
space. The first 2048 segments are shared with all other users. This 
allows the operating system, shared libraries, and shared subsystems to 
be seen by all users. This means that if two users reference segment 
2000, th^ are specifying the same location. 

The second 2048 segments are private, containing information unique to 
each user. This means that if two users reference segment 4000, they 
are specif3ang completely different locations. 

This arrangement of shared and unshared segments means that there is no 
possibility of one user's private space conflicting with that of 
another user. It also means that only one copy of PRBDS aixi the 
shared system software need be maintained, and thus reduces nemory use. 
Moreover, it means that PRIMOS is embedded in the virtual address space 
of each user and is directly accessible via a normal procedure call. 
(See Chapter 8, STACKS AND PROCEDURE GA[J£.) No interrupts, special 
supervisor calls, or system traps are necessary when the user accesses 
PRIMOS or any utility, library, or siibsjrstem residing in shared space. 
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50 Series Virtual Memory Space 
Figure 2-2 



Protection Rings 

Designating shaxed aM unshaxed segments is not the only form of 
protection available to the 50 Series virtual memory. Three hardware 
implemented rings provide a sijivple, unbreaJsable form of security that 
checks each memory reference for its right to access the specified part 
of memory. 

The rings represent levels of privilege, and are diagrammed in Figure 
2-3. All esrecuting procediires run with a given ring number. This ring 
value represents the rights, or privilege, of access in virtvial memory. 
A process running under Ring 3 has the most restrictions, while a 
process running laiKier Ring has no restrictions. 
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Code that is executed under Ring privilege inust also have the 
greatest protection to prevent accidental or Intentional misuse. The 
protection rings sei-ve to provide this kind of protection so that a 
Ring 3 program is restricted from reading, writing, and/or executing 
Ring data or code. Access is only provided to Ring operating 
system routines through the use of special gates set up for that 
purpose. 



Inward Call 




Protection Rings 
Figure 2-3 



A Ring 3 program can therefore make a gated ceOl to a Ring routine. 
This is referred to as an inward call. Procedures that require greater 
access than is provided under Ring 3, but not as much as granted under 
Ring 0, operate \mder Ring 1 protection. Ring 1 procedures can also 
perform inward calls to Ring procedures. See Chapter 8 for more 
information on prooediire calls and gates. 

See Chapter 4, MEMORY MANASEMENT, for information aJxnit how rings 
govern the virtual-to-physical address translation to prevent invalid 
accesses. 
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Sejgirentation Table Lookaside Buffer 

Virtual memory has its oounterpart of the cache, the Sn£. The system 
uses this buffer with the cache to reduce the time needed to access 
informatiOB V?here a cache entry contains information about a recently 
accessed physicsa memory location, an STLB entry contaijas the 
information the system needs to find the physical location from the 
virtual address the user specified. Each entiy also specifies the 
protection attributes associated with the location. Chapter 4 
describes more aixnit how the STUB is used. 



St3MMARY 

This chapter describes the configuration of the 50 Series physical and 
virtual memories. Chapter 3, ADCKESSINS, shows how to fonn a virtual 
address that references a location within the virtual address space. 
Chapter 4 MEMORY MANAGEMENT, shows how the 50 Series systems use the 
virtual address and the virtual-to-physical address translation process 
to integrate virtual and physical memory. 
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Addressing 



The 50 Series processors support several kinds of addiessing : direct 
addressing, Indexed addressing, indirect addressing, indirect indexed 
addressing, and general register relative (QIR) addressing (unavailable 
for the earlier processors listed on page 1-1). They also support 
several modes of addressing, each vd.th its own •uses and benefits. This 
chapter : 

• Provides an overview of virtual addressing and of effective 
address calculation. 

• Explains how effective address calculation is done for eaxih type 
of addressing , and what registers are involved. 

• Explains the various modes of addressing. 

• Provides summaries of instruction forms for each type of 
addressing in each mode. 



I3NITS 

The basic units of information are bits , tytes , halfwords , and words . 
A byte contains eight bits. One halfword contains two bytes; the bits 
are labelled from 1 (most significant bit) to 16 (least significant 
bit). A word contains four tytes. The bits are labelled from 1 to 32. 

Memory is measured in bytes. The 50 Series physical memory size can be 
up to 64 Mbytes; the virtual address space contains 512 Mbytes. 
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OCMPONENTS OF A VIRTUAL ADCRESS 



A virtual address refers to a unique location la a user's virtual 
address spaoe. The location is characterized by three elements: a 
ring number , a segment ntmiber , and an offset within that segment. (All 
offsets are relative to the first location within a segment, and are 
expressed in units of halfwords . ) The format of a virtual address is 
shown in Figure 3-1, 

Wien an instruction makes a memory reference, it provides information 
from which the virtual address can be calculated. This is frequently 
referred to as calculating the effective address . Depending on the 
type of instruction, the information can be provided in several 
different formats, and the calculation done in various ways. This 
section explains the various wajTS in which the ring number, segment 
numiber, and offset can be specified. It also explains the use of the 
indirect bit . The section Forming an Address explains how each of the 
four types of addressing uses these components to calculate the 
effective address. 



Ring Number 

Ring numbers are found In the program counter, in the base register, 
within indirect addresses, and also in data blocks such as ECBs. Vhen 
an effective address is calculated, the hi^iest numbered ring 
referenced in any of these locations is chosen as the ring field for 
the effective address. (For more information on rings, and on the 
process of calculating ring n-umbers, see Chapter 4.) 



Segment Number 

The segment number is generally provided in one of four ways: 

• If the instruction contains a base register field, the segment 
nuiriber is found in the specified base register . 

• If the instruction does not contain a base register field, the 

OC^HOJaU XXULULL'^X J-O X l-^UJ-BU. -L_LJ. UXJX7 _pX U^X OAll WV^ ^ALJ. U^JJ. . 

• In indirect addressing, the segment number field contains the 
segment niMber. 

• In I mode general register relative (GE?R), bits 5 to 16 of the 
specified source register contain the segment number. (QRR is 
unavailable for the eaxlier processors listed on page 1-1.) 
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Base Registers : Four 32-bit base registers are available for use in 
address calciilation: 

• The prooedure base register (PB) 

• The stack base register (SB) 

• The link base register (LB) 

• The auxiliary base register (XB) 

The format of these registers is shown in Figure 3-1. 



12 3 4 5 16 17 32 

I I RING I I SEGMENT I OFFSET I 



Bits 




Name 


Description i 


1 






Must be 0. (See the F bit in i 
the section on Calculating i 
Indirect Pointers, in i 
Chapter 8, for the i 
explanation of this.) i 


2 to 


3 


Ring 


Specifies the ring number. I 


4 






Must be 0. (See the E bit in i 
the section on Calculating i 
Indirect Pointers, in I 
Chapter 8, for the I 
explanation of this.) I 


5 to 


16 


Segment 


Specifies the segment number, i 


17 to 


32 


Offset 


Specifies the offset value. i 



Format of Virtual Addresses and Base Registers 
Figure 3-1 



The PB contains the address of the currently active procedure. It is 
unique among the four base registers because its offset is always 0. 
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The program coimter always contains a trusted copy of the segment 
nijinber in the PB. Therefore, an instruction that contains no base 
register field uses the same segment number as one that specifies the 
PB. 

SB contains the starting address of the stack for the currently active 
stack frajDte. LB contains the staxting address of a save area for 
static variables, such as an entry control block. Because short 
instructions reference LB-based variables starting from '400, the value 
loaded into LB is usually '400 less than the start of the save area. 
References then add an extra '400 to their displacement. (See Chapter 
8.) XB -usually contains a temporaxy pointer, such as that to a FORTRAN 
common block. These three registers usually have nonzero offsets. 
Thus, they supply not only the segment number but also an offset 
address relative to that niimber. 



Offset 

The offset portion of an effective adxiress is supplied by one or more 
of the following components: 

• Displacement : a 16-bit number given explicitly within the 
instruction. In S, R, and V modes, the displacement can be 9 
bits of the instruction that is added to or concatenated with 
the program counter. 

• Base register : if the base register is SB, LB, or XB, It will 
contain an offset to be added to the displacement given within 
the instruction. 

• Index register : if an index register is used, then the contents 
of that index register are to be added to whatever other offset 
has been calculated. When an I mode general register is used as 
an index register, only the contents of bits 1 to 16 are added 
to the offset. 

• Indirect address : if indirect addressing Is vised, the indirect 
address contains the offset. Short form offsets axe 16 bits. 
Long forms are 20 bits (bit pointers). Short form C language 
pointers are 17-bit offsets (byte pointers). (C language 
pointers are not available for the eaxlier processors listed on 
page 1-1.) 

• Source register : if general register relative (GRR) Is used, 
bits 17 to 32 of the source register will normally contain the 
offset. This is interpreted as the following C language pointer 
bits: the contents of bits 17 to 32 concatenated with the 
content of bit 4. (GEIR is not available for the eaxlier 
processors listed on page 1-1.) 
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In summary, an offset can be calculated in any of the following wa37s: 

• Displaoement 

• Displacement + offset from BR 

• Displacement + index register (or source register low for GSR) 

• Displacement + offset from BR + index register 

• Indirect address 

• Indirect address + index register 

The instruction format tells the processor which method to use. 

0QMK3NENTS OF AN INSTRUCTION 

Instruction Format 

Figure 3-2 diagrams a typical instruction format. Thus, it shows how 
all the fields described in this chapter fit together into a single 
instruction. 
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1 2 3 6 7 11 12 13 14 15 16 17 32 
I I I X I OP i 11000 I Y I OP I BR I DISP I 



1 Bits 


Mnem 


Name 


Description i 


1 1 


I 


Indirect bit 


Specifies indirect addressing. i 


1 2 


X 


Iixiex field 


Specifies use of an index register. i 


1 3 to 6 

] 


OP 


Opcode 


Specifies the operation to perform. i 


1 7 to 11 








Specifies instruction format. i 


1 12 


Y 


Index field 


Specifies use of an index register, i 


1 13 to 14 


OP 


Opcode 


Specifies the operation to perform. I 


1 15 to 16 


BR 


Ba,=!e register 


Specifies the ba.se register to use. i 


1 17 to 32 


DISP 


Displacement 


Specifies a 16-bit offset. i 



Format of a Typical Instruction (V Mode, Long) 
Figure 3-2 



The figui« shown above explains the parts of a typical instruction. 
Instruction formats for all addressing modes, sucii as 64V short form or 
321, are provided later in this chapter. 



Indirect Bit 



An i nstTiinti nn mav r»onta.iji an IrxlireGt bit. 



If this bit is 1. it 



signifies that the address being calculated is an indirect address. If 
this bit is 0, the address is a direct address. (Indirect addresses 
are explained in the section Forming an Address , later in this 
chapter.) 
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Index Register Field 

Aq instruction may specify two index registers ty using the X atnd Y 
fields. Each of these fields is one bit long. These fields are 
encoded with the contents of the I field to specify the type of 
indexing to be perfonted. (See Table 3^ for the encoding.) If aji 
index register is specified, then the contents of that index register 
are added to whatever other offset has been calculated. 



Base Register Field 

The base register field of an instruction may contain one of the 
following four values: 



Value Base Register 

00 PB (Procedure Base) 

01 SB (Stack Base) 

10 LB (Link Base) 

11 XB (Auxiliary Base) 



The value tells the processor which base register to check for the 
correct segment number (and, perhaps, offset). 



Displacement 

The displacement field contains a 16-bit number representing an offset 
within a segment. As the section on Offset explained, the value given 
ty the displacement may either starxi alone or have other values added 
to it to provide the actual offset for the effective address. 
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P0RMIN5 AN ADCRESS 

The processor uses the contents of the fields in a memory reference 
instruction to select which of the four types of address formations to 
use: 

• Direct 

• Indexed 

• Indirect 

• Indirect indexed 

• General register relative (for the 2350 to 9955 II only) 



Direct Addressing 

In direct addressing , the processor forms the effective address ty 
adding the contents of the base register to the displacement. 



Indexed Addressing 

The processor adds the contents of the base register, index register, 
auDd displacement to produce the effective address. 

S, R, and V mode instructions that contain 1101 in bits 3 to 6 cannot 
specify indexing. See the tables at the end of this chapter for 
specific information. 



Indirect Addressing 

Short Form Indirection : Depending on the addressing mode, indirect 
addressing tafces one of two forms. In the first, the processor treats 
the displacement as the address of a location in the procedure segment. 
The processor uses the contents of the addressed location as the 
effective address. This is called short form , or 16-bit, indirection. 

Some addressing modes allow more than one level of indirection. (See 
the 16S, 32S, and 32R sections at the end of this chapter.) In these 
cases, the processor uses the displacement as the address of some 
location in the address space. If this addressed location contains 
another indirect address, then the processor uses these contents as the 
address of another location in memory. This indirection chain is 
followed until one addressed location does not contain an indirect 
address; these contents are called the result of the chain . The 
processor uses the result of the chain as the effective address. 
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■me taMes at the end of this chapter specify the number of levels of 
indirection supported by each addressing mode. 

Lo ng Foim Indirection : In long form inHrect addressing the 
instruction points to a location ±n memory that contains a 32-Mt Cor 
more rarely 48-hit) pointer. These long pointers contain not only 
addresses but also 2 or 3 fields that provide additional information. 

Figure 3-3 shows the format of those pointers. The bits of special 
interest aie the extension bit (or E bit ), the fault bit (or F Mt) 
and the bit number field . ' 

The functions of these three fields are as follows: 



F bit 



E bit 



Bit number 



If F = 1, a pointer fault is generated when this 
indirect address is used. (See Chapter 10 for 
information on pointer faults.) 

If E = 0, the pointer is a 32-bit pointer. If E = 1 
the pointer is a 48-bit pointer. (Throughout the 
rest of the chapter, discussions assume that the 
32-bit format is being used.) 

Permits you to specify (or point to) a particular bit 
within an address offset. 



12 3 4 5 

I F I RING I E I 



16 17 



32 



SBC3IENT 



OFFSET 



Indirect Pointer Format, Long Form (32-bit) 
(E is always 0.) 



12 3 4 5 



16 17 32 33 36 37 



48 



I F I RING I E I SBOffiNT I OFFSET I BIT* I RESERVED 



Indirect Pointer Format, Long Form (48-bit) 
(E is always 1.) 



Pointer Formats for Long Form Indirection 
Figure 3-3 
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Indirect Ipaegcad Addressing 

This tjTpe of addressing takes one of two forms: Indirect prelndexed , 
or Indirect postlndexed . 

When calculating a preindexed Indirect address, the processor adds the 
value of the Index register to the contents of the base register and 
displaoement and uses the sum as an Indirect address. It resolves any 
indirection chain and uses the result of the chain (or the Indirect 
address Itself, if there was no chain to follow) as the effective 
address. 

When calculating a postindexed indirect address, the processor adds the 
contents of the base register and displacement and uses the result as 
an indirect address. It resolves any indirection chain, then adds the 
result of the chain (or the indirect address itself, if there was no 
chain to follow) to the contents of the specified index register to 
form the effective address. 



General Register Relative Addressing 

General register relative ((Mi) is an addressing capability added to 
321 mode that speeds up big array accesses and often gives the effect 
of using general registers as base registers. The segment number is 
formed from bits 5 to 16 of the specified source register. The offset 
is formed in C3?R ty adding the displaoenent to bits 17 to 32 of the 
specified soviroe register. CSR is used ty the I mode instructions AIP 
and KEP. (GRR is not available for the earlier processors listed on 
page 1-1.) 



ADCRESSD^ MGDES 

The first part of this chapter describes several ways to specify an 
address with information contained within an instruction. Once the 
processor calculates the effective address, it can reference whatever 
information is contained in the location specified hy the effective 
address. This section describes the ways to specify an address in an 

.;^„4-r^„-J-.!,^-« o»v« V/-W.7 4-ViQ -nTrv-iCiCai^-r -Pn-rmf! "hho PfffiOtlve addreSS. 

The 50 Series processors support four modes of addressing, each of 
which forms addresses differently. Depending on the program and 
personal preference, one or two of these modes may be more useful than 
another. The three most important modes are: 

• V, or virtual 

• I, or general register 

• R, or relative 
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The fourth mode ~ S, or sectored, mode ~ is supported for historical 
reasons. 



V Mode 

V mode performs short and long operations and has a wide variety of 
registers to use. A short (16-bit) instruction in this mode can 
reference the first 256 locations of both the stack and link, as well 
as the 224 locations on either side of the current location in the 
procedure segment. A long (32-bit) V mode instruction can directly 
reference all locations in four segments. Indirect addressing can 
reference all locations in up to 4096 128-Kt!yte segments. 



I Mode 

When referencing memory, I mode is similar to 32-bit V mode. The 
difference is that I mode short operations reference 8 32-bit general 
purpose registers for use as index registers, accumulators, counters, 
or the like. I mode long operations have the same referencing power as 
V mode long operations. They can also use immediate forms and five 
additional index registers. (This makes a total of 7 Index registers 
that I mode long operations can use.) The index registers are 
specified ty the source register field. General register 0, however, 
cannot be used for iodexing. 

General register relative (.GSR) addressing is available only in I mode, 
and is used by the I mode instructions AIP and LIP. This form of 
addressing speeds up big array accesses and often gives the effect of 
using general registers as base registers. (GRR is not available for 
the earlier processors listed on page 1-1.) 

The C language pointer is used ty the I mode instructions ACP, OOP, 
DCP, ICP, LOG, SOC, and TGNP. The format of this pointer is the sane 
as the indirect pointer, except that bit 4 is redefined as the B (byte) 
bit. When this bit contains 0, it indicates that bits 1 to 8 (the left 
byte) of an address contain the character to be used; when this bit 
contains 1, bits 9 to 16 (the right iyte) of an address contain the 
csharacter. A null pointer is represented by zeroes in bits 4 to 32. 
(The C language pointer and its Instructions are not available for the 
earlier processors listed on page 1-1 . ) 

Normal effective address formation uses either a base register, 
indirect pointer (IP) or a general register (for GE^ addressing) as the 
source of the ring field, B bit, and segment number. The C language 
pointer is well defined for the IP and (31R form. When the base 
register is the source of the B bit, software depends on finding it 
reset to zero, pointing to the leftmost byte. While it is possible to 
set the E bit in a base register using 48-bit IPs to specify 32-bit 
addresses, this practice is not now done. Future implementations of V 
and I modes will force bit 4 to zero during effective address formation 
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vJheD. the souroe of the segment is a base register; otherwise it will 
cxjpy bit 4. 



R Mode 

A sector is a block of 512 (1000 octal) contiguous memory locations. 
Sector starts on location and ends on location '777; Sector 1 
begins on location '1000 and ends on location '1777; and so on. 

An R mode instruction can reference any location in Sector 0, as well 
as a group of locations relative to the current value of the program 
counter. Waen the sector bit (S) in an R mode instruction is 0, the 
instruction can only reference locations in Sector 0. When S is 1, the 
instniction references locations relative to the current value of the 
program coimter. The ravage of these relative locations is PC - '360 to 
PC + '377, indiisive. 

An R mode instruction that specifies a location in the range PC - '361 
to PC - '400, inclusive, selects a special addressing code, such as 
stack register. These special codes are explained in more detail in 
Tables 3-7 and 3-8. 



S Mode 

T.iTcft R mode instructions, S mode instructions contain a sector bit. 
When S is 0, references are to Sector 0. When S is 1, however, 
references are only to those locations within the sector conta inin g the 
instruction. 

Note that S mode is a holdover from early Prime maxihines that were 
based on the Honeywell 316 aixi 516 minicomputers. When operating in 
S mode, the 50 Series processors act exactly as these early machines 
do. 



SUMMARY OF ADCRESSIMG MODES 

The figures aM tables in the rest of this chapter present summaries of 
each addressing mode. Table 3-1 is a list of the mnemonics used in 
these addressing mode sxmmaries. Table 3-2 summarizes i;iseful 
information about all the modes. 
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Table 3-1 
Mnemonics Used in Summaries of Addressing Modes* 



1 Mnem 


Explanation i i Mnem 


1 Explanation i 


1 ER 
1 CB 


1 Base register i 

1 

Class hit 1 

1 


1 REG 


A location in the i 
register file. See i 
Address Traps. i 


1 D 


Displaoement i 

1 


1 S 


Sector bit i 


1 m 


Destination register I 

1 


1 SB 


Stack ba.se register i 


1 F 


Fault bit 1 

1 


1 SP 


Stank pointer i 


1 I 


Indirect bit i 


1 SR 


Source register i 


1 LB 


Link base register i 


1 TM 


Tag modifier i 


1 OP 


Opcode 1 


1 X 


X index register I 


1 P 


PC + 1 1 


1 XB 


Auxiliary ha.se register I 


1 PB 


Prooedvire base register**! 


1 XX 


Opcode extension i 


1 PC 


Program coimter** i 


1 Y 


Y Index register i 



* An H appended to a register mnemonic refers to bits 1 to 16 of that 
register; an L so appended refers to bits 17 to 32. 

* The PB segment number equals the PC segment number. The PB offset 
number is 0, but the PC offset n-umber is the next inst3?uction. 
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Table 3-2 
Suinmsay of Addressing Modes 



1 Mode 1 


Aidress i 
Length 1 


Addressing Range i 


* Indffici 
Regs 1 


Indirection! 
Levels 1 


1 16S direct 1 


14 bits 1 


1024 ha.lfwords 1 


One 1 




1 16S indirect i 


14 bits 1 


16K halfwords i 


One 1 


Multiple 1 


1 32S direct 


15 bits 


1024 halfwords 1 


One 1 




1 328 indirect 


15 bits 


32K halfwords 


One 


Multiple 1 


1 32R direct 


15 bits 


1008 ha,lfwords 


One 




1 32R indirect 


15 bits 


32K halfwords 


One 


Multiple 1 


1 64R direct 


16 bits 


1008 halfwords 


One 




1 64R indirect 


16 bits 


64K: halfwords 


One 


One 1 


1 64V 16-bit 

1 i n.structions 


16 bits 


64K ha.lfwords: 
+256 SB relative 
+256 LB relative 
+/-256 PC relative 
+512 PB absolute 


One 


One 1 


1 64V 32-bit 

1 instructioi^ 


28 bits 


4 segments* 


1 Two 


1 One 1 


1 64V indirect 


1 28 bits 


1 4096 segments* 


1 Two 


1 One 1 


1 321 am 


1 28 bits 


1 12 segmpjits* 
1 with GRR** 


1 Seven 


1 One 1 


1 321 indirect 


1 28 bits 


1 4096 segments* 


1 Seven 


1 One 1 



* All segments contain 128 Kbytes. 

** Four segments for the earlier processors listed on page 1-1 
because they have no GRR capability. 
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64V Mode Short Form 

Figure 3^ and Table 3-3 display and explain 64V mode short form 
instructions . 



1 1 


2 


3 6 7 8 


16 1 


1 1 I 


X 


1 OP 1 S 1 DISPLAITFWENT 


1 1 


1 1 




Instruction Format 


16 1 


1 1 AI3I1KESS 1 1 

1 1 


1 Indirect Pointer Format i 



64V Mode Formats, Short Form 
Figure 3-4 













TaJDle 


3-3 












64V Mode Short 


Form Summary 




1 I 


X 


s 


Disp 




1 Inst "Type 


Example 


Form of EA 1 


1 








0- 


'7@ 


1 Direct 


IDA AER 


REG 1 








'10- 


'377 


1 Direct 




SB+D 1 








'400- 


'777 


1 Direct®® 




LB+D 1 


1 


1 





0- 


'7® 


1 Indexed 


T.m ADR,X 


REG. if DfX<'7;@ 1 
SB+D+X, if D+X>'7@ 1 








'10- 


'377 


Indexed 




SBfDfX 1 








'400- 


'777 


IndexedSg 




LB+DfX 1 


1 1 








0- 


'7® 


Indirect 


LDA AER,* 


KRBG) 1 








'10- 


'rrr 


Indirect 




I(PB+D) 1 


1 1 


1 





0- 


■7 


Indirect , 
preindexed 


LDA AER.X* 


I(RBG), if D+X<'7;@1 

I(PB+D+X), 1 

if D+X>'7@ 1 








'10- 


'77 


Indirect, 
preindesffid 


Tim Am,X* 


I(PB+D+X) 1 








'100- 


'777 


Indirect, 
postindexed 


LDA ACR,*1 


I(PB+D)+X t 


1 





1 


'-340- 


'+377 


Direct 


LDA ADR 


P+D 1 


1 


1 


1 


'-340- 


'+377 


Indejoed 


LDA ADR,1 


P+D+X 1 


1 1 





1 


'-340- 


'+377 


Indirect 


LDA ADR,* 


I (P+D) 1 


1 1 


1 


1 


'-340- 


'+377 


Indirect, 
preindejffid 


T,m ADR.l* 


I(P+DfX) 1 
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Notes to TsLble 5-5 

@ This table assuites segmented mode (modals bit 14 = 1). For 

nonsegmented mode, the displacement range is to '57, 

rather than to '7. This means that the range '10 to '577 

changes to '40 to '577 in nonsegmented mode. The range '400 
to '777 remains unchanged. 

<m In these address forms, the displacement offsets the 
contents of LB ty '400 (bit 8=1). To compensate for this, 
set the contents of LB to the current value of the link 
frame minus '400 . For example, if the segment number in LB 
is '4002 and the offset number in the displacement is 
'177400, the offset of '400 gives the location of the link 
frame as segment number '4002, offset number 0. 

This mode allows one level of irdexing, and one of indirection. 

REG refers to a location in the register file. See Address 
Traps at the end of this chapter. 

The instructions DFLX, FLX, JSX, UK, LDY, QFLX, STX, and STY 
do not do indexing. The effective address is formed as if 
bit 2 = 0. 
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64:V Mode, Long Form smd Indirect Form 

Figure 3-5 and Table 3^ display and explain 64V mode long and iMirect 
form instructions. 



1 2 3 6 7 11 12 13 14 15 16 17 32 



I I I X I OP I 11000 I Y i XZ I ER I DISP 



33 48 

I AUCMENT OODE* I 



Instruction Format 



12 3 4 5 16 17 32 



P I RING I I SBCSffiNT I OFFSET 



32-bit Indirect Pointer Format 



12 3 4 5 16 17 32 33 36 37 48 



I F I RINC5 I 1 I SSaiENT I OFFSET I BIT* I RESERVED 



48-bit Indirect Pointer Format** 



* For quad operations only. 

** This indirect format is used only by a few instructions; 
most \ise the 32-bit form. 



64V Mode Formats, Long Form euad Indirect Form 
Figure 3-5 
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Table 3-4 
64V Mode Long Form, Indirect Suinmaxy 



1 I 1 


X 1 


Y 1 


ER 1 


IiastrucTtion Type i 


Example i 


Form of EA 


1 1 


1 


1 


00 1 

01 1 
10 1 
11 


Direct 1 


im AER 1 


PB/D 
SB+D 
LB+D 
XB+D 


1 1 





1 1 


00 
01 
10 
11 


Indexed by Y i 


T,m AER.Y 1 


PB/DfY 
SBfDfY 
LB+DfY 
XB+EH-Y 


1 


1 





00 
01 
10 

11 


IixiexBd by X 


WA AER.X 


PB/DfX 
SB+EH-X 
IiB+EH-X 
XB+DfX 


1 


1 


1 


00 
01 
10 

11 


Indirect 


T,m AER,* 


I(PB/D) 
KS&fD) 
I (LB+D) 
I (XB+D) 


1 1 








00 
01 
10 

11 


Preindexed by Y 


T,m ACR,Y* 


l(PB/DfY) 
I(SB+D+Y) 
KLB+D+Y) 
I(X&fD+Y) 


1 1 





1 


00 
01 
10 

11 


Postindexed by Y 


T,m ACR, *Y 


I(PB/D)+Y 
I(SB+D)+Y 
I(LB+D)+Y 
I(XB+D)+Y 


1 1 


1 





00 

01 
10 

11 


Preindexed by X 


T,nA ACR.X* 


I(PB/D+X) 
I(SB+D+X) 

1 Klb+d+x) 

1 I(XB+EM-X) 


1 1 


1 1 


1 1 


1 00 

1 01 
1 10 

1 11 


1 Postindexed by X 


1 LDA AER, *X 


1 I(PB/D)+X 
1 I(SB+D)+X 
1 I(LB+D)+X 
1 I(XB+D)+X 



Notes to Table 3-4 

The processor performs X aM Y indexing and 32-bit word 
(inter-segment) indirection. 

PB/D indicates that the displacement is relative to the origin 
of PB. PB specifies the segment number (the offset must be 0); 
the displacement specifies the offset. 

All displacements are within the range to '177777. 
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The instructions DFIX, FLX, JSX, LDX, LDY, QFLX, SIX, arxi STiY 
do not do indexing. The effective address is formed as shown 
in TeLble 3-5. Bit 2, the X bit, is used as part of the opcode 
in these instructions. 



Table 3-5 
Address Formation for Nonindexing Instructions 



I 


X 


y 


Instruction Type I 











Direct 1 








1 


Direct 1 





1 





Direct 1 





1 


1 


Direct 1 


1 








1(A) 1 


1 





1 


1(A) 1 


1 


1 





KA) 1 


1 


1 


1 


KA) 1 



Notes to Table 3-5 

For the earlier processors listed on page 1-1, see Appendix B 
for information on their address formation for nonindexing 
instructions . 

The symbol A in Table 3-5 represents the value calculated from 
the base register (PB, SB, LB, or XB) and displacement in the 
instruction. 
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321 Mode 



Figure 3-6 and Table 3-6 display and explain 321 mcde instructions. 



6 7 9 10 11 12 14 15 16 17 32 



I OP I m I TM I SR I BR I DISPLACEMENT 
Instruction Format* 



12 3 4 5 16 17 




32 


1 F 1 RING 1 1 SBCMENT 1 


OFFSET 


1 



Indirect Pointer Format (Short Form) 
12 3 4 5 16 17 32 33 36 37 46 



F I RING I 1 I SEGMENT I OFFSET I BIT* I RESERVED 
Indirect Pointer Format (Long Form) 



12 3 


4 5 16 17 




32 




1 F 1 RING 1 


B 1 SEGMENT 1 


OFFSET 


1 




1 


C Language Pointer** 
16 17 




32 




1 INSTRUC?riON BITS 17 TO 32 1 


ZEROES 


1 




1 


Immediate Type 1*** 
16 17 




32 




1 SIGN KXTENSIUN 1 INbTUUL'i'KJN til'i'ii iV lO 32 


1 




1 8 


Immediate Type 2*** 
9 


56 57 




64 


1 BITS 17 TO 24 


ZEROES 


1 BITS 


25 TO 32 1 



Immediate Type 3 (Floating Point)***, **** 



321 Mode Formats 
Figure 3-6 
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Notes to Figure 3-6 

* TM is the tag modifier whiGh, in cx)iribination with 
aixi BR fields, specifies the instruction type. 



the SR 



** The C language pointer is not available 
processors listed on page 1-1. 



for the earlier 



*** The instruction specifies the immediate t37pe to use. 
During Instruction execution, the processor forms the 
immediate in the appropriate format and stores it 
internally for vise in the operation as siiown in Figure 3-6. 



**** 



Bits 1 to 8 of Immediate Type 3 are 
instruction bits 17 to 24; bits 
instruction bits 25 to 32. 



formed from I mode 
57 to 64 from I mode 









Table 3-6 












321 Mode Sunimary 




1 TM 


SR 


BR 


Instruction Type 


EA (Segment) 


EA (Offset) 1 


1 3 





_ 


Indirect 


1(5 to 16) 


I(D+BR) 1 


1 3 


>0 


— 


Indirect posti ndeTced. 


1(5 to 16) 


(I(DfBR))+SRHI 


1 2 





— 


Indirect 


1(5 to 16) 


I(DfBR) 1 


1 2 


>0 


- 


Indirect preindexed 


1(5 to 16) 


l(DfBR+SRH) 1 


1 1 





- 


Direct 


BR(5 to 16) 


DfBR 1 


1 1 


>0 


- 


IndeTjed 


BR(5 to 16) 


DfBR+SRH 1 


1 


0-7 





Register-to-register 





1 


1 





1 


Immediate type 1 





1 


1 


>0 


1 


Immediate type 2 







1 





2 


Immediate type 3 







1 


1 


2 


Floating register 
source (FRO) 


— 




1 


2 


2 


Undefined; generates 
UII (unimplemented 
instruction) fault 






1 


3 


2 


Floating register 
souixje (FRl) 





_— _^ 1 


1 


4-7 


2 


Undefined; generates 
UII fault 





1 


1 


0-7 


3 


General register 
relative (undefined 
for the earlier 
processors listed 
on page 1-1) 


SR(5 to 16) 


DfSRL 1 








Note to Table 


3-6 





Displacements are within the range to '177777, jjaclusive. 
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32R Mode 



Figure 3-7 etnd Table 3-7 display and explain 32R mode instructions. 



12 3 6 7 8 



16 



t I I X I OP I S I DISPLACEMEMT I 
Short Instruction Format 

12 3 6 7 12 13 14 15 16 



I I 1 X I OP I 110000 I OP I CB I 
16-Mt Long Instruction Format 

12 3 6 7 12 13 14 15 16 17 32 



I I X 1 OP I 110000 I OP I CB I DISP I 



32-bit Long Instruction Format 



1 2 



16 



I I I 



ACH^SS 



Indirect Pointer Format 

12 16 

I I ADDRESS I 
Final Effective Address Format* 



32R Mode Formats 
Figure 3-7 
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Note to Figure 5-7 

The final form of an effective address in 32R mode is only 15 
bits wide. Special hajdware ejcLsts to truncate the effective 
address to this length. The program counter, however, is a 
full 16 bits wide. Multilevel indirection is a feature of 
32R mode. 



Table 3-7 
32R Mode Summary 



I 


1 X 


s 


CB 


Displacement 


Instruction Type 


Form of EAI 











— 


to '777 


Direct 


0/D 1 





1 





— 


to '777 


Indexed 


0/DfX 1 


1 








— 


to '777 


Indirect 


I(0/D) 1 


1 


1 





— 


to 'rr 


Indirect, preindexed 


I(0/DfX) 1 


1 


1 





— 


'100 to '777 


Indirect, post indexed 


I(0/D)+X 1 








1 


— 


'-360 to '+377 


Direct 


P+D 1 





1 


1 


— 


'-360 to '+377 


Indexed 


P+DfX 1 


1 





1 


— 


'-360 to '+377 


Iniirect 


I(P+D) 1 


1 


1 


1 


— 


'-360 to '+377 


Indirect postindexed 


I(P+D)+X 1 








1 


2 





©Postincrement 


SP 1 





1 


1 


2 





©Postincrement, indirect, 
postindexed 


I(SP)+X 1 


1 





1 


2 





©Postincrement, indirect 


KSP) 1 








1 


3 




# Predecrement 


SP-1 1 





1 


1 


3 





♦Predecrement, indirect, 
postindexed 


I(SP-1)+XI 


1 





1 


3 




#Predecrement , indirect 


I(SP-l) 1 








1 





to '177777 


♦Direct, long rearsh 


D 1 





1 


1 





to '177777 


♦Indexed, long reach 


DfX 1 


1 





1 





to '177777 


♦Indirect, long reach 


1(D) 1 


1 


1 


1 





to '177777 


♦Indirect, preindexed, 
long rearh 


I(D+X) 1 


1 


1 


1 


2 


to '177777 


♦Indirect, postindexed, 
long reach 


I(D)+X 1 








1 


1 


to '177777 


♦Direct, stank relative 


DfSP 1 





1 


1 


1 


to '177777 


♦Indexed, stack relative 


DfSP+X 1 


1 





1 


1 


to 'irrnrr 


♦Indirect, stack relative 


I(DfSP) 1 


1 


1 


1 


1 


to 'vrrrrr 


♦Indirect, preindexed 
stack relative 


I(DfSP+X) 1 


1 


1 


1 


3 


to '177777 


♦Indirect, postindexed 
stack relative 


I(DfSP)+Xl 
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Notes to TaJple 5-7 

These instraction types use the 32-l)it long format shown in 
Figure 3-7. 

@ These ii^truction tjrpes use the le-bit long format shown in 
Figure 3-7. The7 also increinent the contents of SP ty 1 
during EA formation. 

# These instruction types use the 16-bit long format shown in 
Figure 3-7. They also decrement the contents of SP ty 1 
during EA formation. 

For all instruction types listed aiiove, address traps caa occur 
when any part of the EA formation results in an address in the 
range to '7 (segmented mode) or to '37 (unsegmented mode). 
See the end of this chapter for more Information. 

The processor performs one level of indexing and multiple 
levels of indirection. 

0/D indicates that the displacement is within Sector 0. 

The instructions DFLX, FLX, JSX, UK. UX, QFLX, STX, and STY 
do not do indexing. The processor treats the X bit as a to 
determine what addressing mode to use. For example, if one of 
these instructions specifies I, X, S, and CB as 0113, the 
processor interprets it as 0013. 
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6^ Mode 

Figure 3-6 and Table 3-8 display and. explain 64R mode instructions. 



12 3 6 7 8 

I I I X I OP I S I 



16 



DISP 



Short Instruction Format 

12 3 6 7 12 13 14 15 16 
I I I X I OP I 110000 I OP I CB I 



16-bit Long Instruction Format 

12 3 6 7 12 13 14 15 16 17 32 
I I I X I OP I 110000 I OP I CB I DISP I 
32-bit Long Instruction Format 

1 16 

I ADDRESS 1 
Indirect Pointer Format* 



*Qnly a single level of indirection is possible in 64R mode. 

64R Mode Formats 
Figure 3-8 
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Table 3-8 
64R Mode Summary 



1 I 


X 


s 


CB 


Displaoement 


Instruction Type 


Form of EAi 


1 











to 


"nt 


Direct 


0/D 1 


1 


1 





— 


to 


•rrr 


Indexed 


0/D+X 1 


1 1 








— 


to 


"rrr 


Indirect 


I(0/D) i 


1 1 


1 





— 


to 


"rr 


Indirect, preindexed 


I(0/DfX) 1 


1 1 


1 





— 


'100 to 


•rrr 


Indirect, postindeiffid 


I(0/D)+X 1 


1 





1 


— 


'-360 to 


'+37? 


Direct 


P+D 1 


1 


1 


1 


— 


'-360 to 


'+377 


Indexed 


P+DfX 1 


1 1 





1 


— 


'-360 to 


'+37?' 


IixHrect 


I (P+D) 1 


1 1 


1 


1 


— 


'-360 to 


'+37? 


Indirect postindexed 


I(P+D)+X 1 


1 





1 


2 







©Postincrement 


SP 1 


1 


1 


1 


2 






©Postincrement, indirect, 
postindexed 


I(SP)+X 1 


1 1 





1 


2 







©Postrncrement , indirect 


KSP) 1 


1 





1 


3 







♦Predecrement 


SP-1 1 


1 


1 


1 


3 







#PredRcrement , indirect, 
postliidexed 


I(SP-1)+XI 


1 1 





1 


3 







♦Predecrement, indirect 


I(SP-l) 1 


1 





1 





to 'vrrrrr 


♦Direct, long reach 


D 1 


1 


1 


1 





to ' vrrrrr 


♦Indexed, long reach 


DfX 1 


1 1 





1 





to ' vrrrrr 


♦Indirect, long reach 


1(D) 1 


1 1 


1 


1 





to 'vrrrrr 


♦Indirect, preindexed, 


I(DfX) 1 














long reach 




1 1 


1 


1 


2 


to -vrrrrr 


♦Indirect, postindexed, 


I(D)+X 1 














long reach 




1 





1 


1 


to -vrrrrr 


♦Direct, stack relative 


DfSP 1 


1 


1 


1 


1 


to '177??7 


♦Indexed, stack relative 


D+SP+X 1 


1 1 





1 


1 


to 'vrrrrr 


♦Indirect, stanic relative 


I (DfSP) 1 


1 1 


1 


1 


1 


to 'irrrrr 


♦Iixiirect, preindexed 


I(DfSP+X) 1 














stack relative 




1 1 


1 


1 


3 


to -vrrYr? 


♦Indirect, postindexed 


I(DfSP)+XI 














stank, relative 
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Notes to TaMe 5-8 

For all the instruction types listed In Table 3-7, address 
traps can occur when any part of the EA formation results in an 
address in the range to '7 (segmented mode) or to '37 
(unsegmented mode) . See the end of this chapter for more 
information. 

* These instruction types use the 32-bit long format shown in 
Figure 3-8. 

@ These instruction types vise the 16-bit long format shown in 
Figure 3-8. They also increment the contents of SP by 1 
during EA formation. 

# These instruction types use the 16-bit long format shown la 
Figure 3-8. They also decrement the contents of SP iy 1 
dTiring EA formation. 

The processor performs one level of indexing and multiple 
levels of indirection. 

0/D indicates that the displacement is within Sector 0. 

The instructions DFLX, FLX, JSX, UK, UJf, QFLX, STX, and STY 
do not do indexing. The processor treats the X bit as a to 
determine what addressing mode to use. For example, if one of 
these instructions specifies I, X, S, and CB as 0113, the 
processor interprets it as 0013. 
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168 Mode 



Figure 3-9 aixi Table 3-9 display and explain 16S mode instructions. 



12 3 6 7 8 16 

I I X I OP I S I DISPLACEMENT I 

Instruction Format 

12 3 16 



X 



ADDRESS 



Indirect Pointer Format 



2 3 



I I I 



ADCRESS 



Final Effective Address Fonnat 



16 



16S Mode Formats 
Figu3?e 3-9 

Note to Figure 3-9 

The final form of effective addresses in S mode are only 14 
bits wide. Special hardware exists to truncate the effective 
address to this length. The program counter, however, is a 
full 16 bits wide. 



Second Edition 



3-28 



Table 3-9 
16S Mcxie Summary 



ADCRESSING 



I I X I S I Disp I Instruction Type 



Example 



lEA Form 







1 
1 
1 
1 





1 
1 



1 
1 





1 



1 



1 



1 














to 
to 
to 
to 
to 
to 
to 
to 



'777 
'777 
'777 
'777 
'777 
'777 
'777 
'777 



Direct 

Direct 

Indexed 

Indexed 

Indirect 

Indirect 

Indirect preindexed 

Indirect preindexed 



im A£R 
LD^ ACR 
LDA Am,l 
LDA AER.l 
LDA AER,* 
LDA AER,* 
LDA AER.l* 
LDA AER.l* 



0/D 

C/D 

0/DfX 

C/DfX 

I(0/D) 

I(C/D) 

KIH-X) 

I(DfX) 



Notes to TsLble 3-9 

The processor performs indexing before resolving each level of 
indirection. 

This mode allows imiltiple levels of both iixiexing and 
indirection. 

The instructions , UK emd STK, cannot do indexing. The 
effective address is formed as if bit 2 = 0. 

0/D indicates that the displacement is within Sector 0; C/D, 
within the curi'ent sector. 
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32S Mode 



Figure 3-10 aM Table 3-10 display axxl explain 32S mode instructions. 



12 3 6 7 8 



I I X I OP I S I DISPLACEMENT 



1 2 



I I I 



1 2 



Instruction Format 



AdHESS 



Indirect Pointer Format 



16 



16 



16 



I ADCRESS 

Final Effective Address Format 



32S Mode Formats 
Figure 3-10 



Note to Figure 5-10 



The final form of effective addresses in S mode are only 15 
bits wide. Special hardware exists to truncate the effective 
address to this length. The program counter, however, is a 
full 16 bits wide. 
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Table 3-10 
32S Mode Summary 



AHHESSING 



I 


X 


s 


Disp 


Instruction Type 


Example 


EA Form 1 











to '777 


Direct 




LDA Am 


1 
0/D 1 








1 


to '777 


Direct 




LDA ACR 


C/D 1 





1 





to '777 


Indexed 




LDA AER.l 


0/DfX 1 





1 


1 


to '777 


Indexed 




im Am,i 


C/DfX 1 










to '777 


Indirect 




LDA Am,* 


I(0/D) 1 







1 


to '777 


Indirect 




LDA Am,* 


I(C/D) 1 




1 





to '77 


Indirect 


preindexBd 


LDA Am,l* 


I(DfX) 1 




1 





'100 to '777 


Indirect 


post indexed 


LDA Am,*l 


I(D)+X 1 




1 


1 


to '777 


Indirect 


post indexed 


LDA Am,*l 


I(D)+X 1 



Notes to Tatole 3-10 



The processor performs 
indirection. 



ing before resolving each level of 



This mode allows one level of indexing, aM multiple levels of 
indirection. 

The instructions, LDX aM STX, cannot do indexing. The 
effective axidress is formed as if bit 2 = 0. 



ADmESS TRAPS 



Several of the summaries in the last section specifyd special cases of 
EA formation when the address is within a particular range. This range 
of addresses corresponds to registers within the current user register 
set in the register file. (See Qiapter 9.) In segmented mode, this 
range is '0 to '7; in nonsegmented mode, '0 to '37. This range of 
addresses for segmented and nonsegmented modes is referred to as the 
ATR , or address trap range, throughout this section. 

The registers within the user register set contain information, such as 
general, base, floating-point, and index registers, and system status 
aM control information. Each tijme any part of the EA formation 
generates an address within the ATR, an address trap aborts any read or 
write to a memory location aM instead references the specific 
register. 



Table 3-11 sinnmarizes when address 
addressing and instruction types. 



traps occur for all modes of 
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Table 3-11 
Address Trap Information 



1 Mode 


Inst Type 


Action 1 


1 16S 
1 32S 
1 32R 
1 64R 


Memory 
reference 


Alfiress trap occurs if the EA falls i 
within the ATR (adfiress trap range), i 
The instruction format or length has i 
no Ijearing. i 




Generic 


Address traj© never occur. i 




Generic AP 


Address traps do not occur when the i 
processor is fetching the address i 
pointer. i 


1 64V 


32-bit 
memory 
reference 


Address traps never occur. i 




Short 
format 


See Tahle 3-12. i 




le-bit 
indirect 


Address traps occur if the EA falls I 
within the ATR. i 




32-hLt 

iTviirect 


Address traps never occur. i 


1 321 


All types 


Address traps never occur. i 



When bits 17 to 32 of the program counter contain a valije within the 
ATR and the processor is reading an instruction, an address trap alwajTS 
occurs. The only exception to this is if the machine is operating in 
321 mode. 

When the processor esoecutes short format instructions in 64V mode, 
address traje can occur during operand fetches or indirect fetches. 
TalxLe 3-12 lists the coiaditions that must be present for an address 
trap to occur. 
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1 
1 
1 
1 



Table 3-12 

Address Trap Action for Short Format 
Instructions, 64V Mode 



I I X I S I 



Disp 



Action 











1 


1 
1 








1 



1 



1 



1 



to '7 
'10 to '37 

'40 to '377 
-'340 to +'377 

to ATR 



From ATR to '377 



'400 to '777 
-'340 to +'377 

to '777 
-'340 to +'377 

to '777 
-'340 to +'377 



Takes address trap. 

Taikes address trap only if 
segmentation is off. 

Cannot take address trap. 

Takes address trap if EA (P+D) is 
within the AOR. 

Takes address trap if D+X is 
within the ATR. If D+X is 
outside the ATR, the EA is 
SB (seg #) I D+X (for the 750, 
850, and 2350 to 9955 II; or 
SB (seg #) I D+X+SB (offset #) 
(for all other machines). 

Cannot take addiress trap; EA is 
SBfD+X (for 750, 850, and 
2350 to 9955 II) . 
All other machines take address 
trap if DfX is within the ATR. 

Cannot take address trap. 

Takes address trap if EA (P+DfX) 
is within the ATR. 

Takes address trap if D is 
within the ATR.* 

Takes address trap if EA 

( (P+D) ) is within the ATR.* 

Takes address trap if D<'100 and 
DfX is within the ATR. * 

Takes address trap if EA (P+D) 
is within the ATR.* 



Note to Table 3-12 

* The indirect address also takes an add3?ess trap if EA is 
within the ATR. 



If an instruction specifies a write operation that could potentially 
cause an address trap, the instruction loads the data to he written 
into a temporary register. If a trap occurs, the routine ai»rts the 
write to memory. It loads the specified register file location with 
the contents of the temporary register. 
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If the instruction specifies a read operation that causes an address 
trap, the trap routine aiXDrts the memory read and fetches the contents 
of a register file location. The trap routine loads the cache from the 
register file data and allows the processor one cache access before 
invalidating the cache location. 

Tai)le 3-13 shows the address trap locations and the registers to which 
they correspoM. For more information on the register file, see 
Chapter 9. 



Table 3-13 
Address Trap/Register File Correspondence 



AT I S and R Modes 



I V Mode 



'0 

'1 

'2 

'3 

'4 

'5 

'6 

'7 

'10* 

'11* 

'12* 

'13* 

'14* 

'15* 

'16* 

'17* 

'20* 

'21* 

'22* 

'23* 

'24* 

'25* 

'26* 

'27* 

'30* 

'31* 

'32* 

'33* 

'34* 

'35* 

'36* 

'37* 



X 

A 

B 

S 

FAC bits 1 to 16 

FAC bits 17 to 32 

FAC exponent 

PC, LSBs 

DTARSH 

FOODEH 

FAHKL 



EMA cell 
EMA cell 
EMA cell 
EMA cell 
EMA cell 
EMA cell 
EMA cell 
LMA cell 
EMA cell 
EMA cell 
EMA cell 
EMA cell 
EMA cell 
EMA cell 
EMA cell 
EMA cell 



'2aH 

'20L 
'22H 
'22L 
'24H 
'24L 
'26H 
'26L 
'30H 
'30L 
'32H 
'32L 
'34H 
'34L 
'36H 
'36L 



X 

A. LH 

li 

Y 

FAC bits 1 to 16 

FAC bits 17 to 32 

FAC exponent 

PC, I5BS 

ETARSH 

FOXEH 

FAECRL 

SBH 

SBL 

LEH 

LBL 

EMA cell '2aH 

EMA cell '20L 

EMA cell '22H 

EMA cell '22L 

EMA cell '24EI 

EMA cell '24L 

EMA cell '26H 

UMA OeJ_L isJOJj 

EMA cell 'SDH 

EMA cell '30L 

EMA cell '32H 

EMA cell '32L 

EMA cell '34H 

EMA cell '34L 

EMA cell '36H 

EMA cell '36L 
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Note to Tafcle 5-13 

These correspond to user register file 
locations only in nonsegnented mode. 



SUMMARY 

The fields of a memory reference instruction specify information iised 
to form an effective add r ess. These fields specify which information 
is to be used ia the formation, how the formation is to be done, 
and — in conj\mction with the rest of the program — the addressing 
mode under which the address is to be foiited. Depending on the 
segmentation mode and the EA formation, addresses can reference 
registers within the current user register file as well as memory 
locations . 
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The last chapter showed how the 50 Series systems use ±nf ormation 
contained in an instruction to fonn a virtual address. This address 
specifies a location in the virtual address space, which may or may not 
correspond to a location currently loaded in jihysical memoiy. This 
means that the processor must f±nd some way to convert the virtual 
address into something that can address a physical memory location aoi 
must then search physical memory for that location. This chapter 
describes how the processor uses a virtual address to address memory, 
and descrites the data structures (registers and taW.es) that 
facilitate the reference. 



THE VIRTUAL ADCRESS 

A virtual address is a reflection of the segmented virtual address 
space the user sees. A ph37Sical address, sijmilarly, must reflect the 
pages that make up physical memory. How does the processor make the 
transition from a segment-oriented address to a page-oriented one'? The 
virtual address (diagrammed in Figure 4-1) is the starting point. (As 
this figure shows, the page number and OTAR are generally transparent 
to the user. They are seen only by the mappii^ hardware.) 
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12 3 4 5 16 17 32 
I RING I I SBCaiENT I OFFSET 

Virtual Address Format 



12 3 4 5 



16 17 22 23 32 



I RING I I nrAR arxi SB(34ENT * I PAGE # I OFFSET * I 



nUAR aai Page Numbers in VirtueQ. Address Format 



Virtual Address Format as Seen by 
the Mapping Hardware 

Figure 4-1 



The steps the processor 
pihsreical address are: 



talces to convert this virtual address into a 



1. Gheck the STLE aoA the cache . If both of these contain the 
correct information, the reference can be completed. If the 
STLB contains the correct information but the cache does not, 
read, the information from memory into cache and complete the 
reference. If the STLB does not contain the correct 
information, go on to the next step. 

2. Translate the virtual address into a physical address. During 
the translation, identify if the virtual page containing the 
information is currently loaded into main memory. If it is, 
load "cne physicaj. page aravrtgas vi^^** i^isuxi/ <j± oiio uxa.iioj.a.uj,v^iiy 
into the STLB arvi retry the access. If main memory does not 
contain the page, go on to the next step. 

3. Fial the correct virtvial page on disk and move it into main 
inemory . After the virtual page is loaded into a physical page, 
the reference is retried. 

The first task is completely performed in hardware; the second, by a 
microcode routine. A software page fault handler performs all aspects 
of paging. 
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MEMCKY MANAGEMENT DATA STRUCTORBS 

All three of the steps in the memory reference operation iise several 
data structures to maintain needed information: 

• Segmentation table lookaside Ijuffer (STLB) 

• Cache 

• Descriptor tatole address registers (ETARs) 

• Segment descriptor tables (SnPs) 

• Page map tables (PMTs) for the 2755, 6350, aai 9750 to 
9955 II 

• Hardware page map tables (HMAPs) for all other processors 
TaJDle 4-1 shows the steps in which each structure is used. 



Table 4-1 
Use of Memory Management Data Structures 



1 structure 

1 


1 When Used i 


1 STLB 

1 


1 STLB/cache access, aridress translation i 

1 


1 Canhe 

1 


1 STLB/cache access, address translation i 
1 


1 ETARs 

1 


1 STLB/cache access, address translation i 


1 SETS 

1 


Address translation i 


1 PMTs 

1 
1 


Address translation, paging (2755, 6350, and 9750 i 
to 9955 II) 1 


1 HMAPs 


Address translation, paging (all other processors) i 


The S'i'i£ 





To speed up the virtual to physical address process, the system \ises 
the STLB to store the result of a translation in an STLB entry so that 
it will have it for reference the next tiine that the user specifies the 
same location. Since the STLB has a much faster access time than 
physical memory does, referencing the STLB saves translation time as 
well as access time. 
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The number of entries in the STLB vailes ax30ording to processor model 
as shown in Table 4-2. (Appervlix B describes the STLB of the earlier 
processors listed on page 1-1.) 



TsLble 4-2 
Number of STLB Entries 



Number of 
STLB Sets 

1 

1 



Entries 
Per Set 

128 

512* 



Total I 

Entries i Processors 



128 



9750 to 9950 



I 



512* I 2350 to 2755, 9650, 

I 9655, 9955, and 9955 II 



512 



1024 



6350 



* The 9955 and 9955 II reserve 384 additional entries for 
segments to 7. Thus, references to these segaents are 
always resident in these processors. 



Each STLB entry specifies one virtual address and one ph37sical 
address. Since each entry specifies a physical page address, each STLB 
entiy is valid for a 2-Kbyte block (one physical page) of pihysioal 
memory locations. Figure 4-2 and Table 4-3 show the format and content 
of each STLB entry. 
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12 3 4 6 7 9 10 19 20 31 32 47 



IVIMISI Rmi 1 I RING 3 lEROC IDI SBG I EHYS AER 



6350 SUB Entry Format 
12 3 4 6 7 9 10 21 22 33 34 47 



IVIMISI RING 1 I RING 3 IPROC ID! SBG I FHYS AER 



9955 II STUB Entry Format 
1234 67 9 10 21 22 33 34 46 



IVIMISI RING 1 I RING 3 IPROC IDI SBG I FiUS AER 



9750 to 9955 STLB Entry Fo3?mat 
12 3 4 6 7 9 10 19 20 28 29 41 



IVIMISI RING 1 I RING 3 IPROC IDI SBG I PffiTS AER 



2755 STLB Entry Format 
1234 67 9 10 19 2028 29 40 



IVIMISI RING 1 1 RING 3 IPROC IDI SBG I PEIYS AER 



2350 to 2655, 9650, and 9655 STLB Entiy Format 



Figure 4-2 
STLB Entry Format 
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Table 4-3 
STLB Entry Contents 



No. Bits I Mnem 



Description 



1 
3 



10 or 12 



12 or 9* 
12 to 16** 



M 



S 
RING 1 

RING 3 

PROG ID 



SBG 
RHYS AER 



Valid bit. Indicates if the STLB contains 
valid data. 

Modified bit. Specifies if the physical page 
has been modified since its contents were 
loaded from disk. (0 means modified; 
1 means not modified.) 

Shared bit. Inhibits cache. 

The Ring 1 access rights that are to govern 
the reference. 

The Ring 3 access rights that are to govern 
the reference. 

The process ID of the process making the 
memory reference. In process exchange, 
these are the first bits of the offset in 
segment OWNERH where the process 3?esides. 

The segment number from the virtual address. 

The physical page address (from translation). 



* Bits 20 to 28 for the 2350 to 2755, 9650, and 9655 
(the upper 9 bits of the segment number) . 

** Bits 32 to 47 for the 6350. 
Bits 34 to 47 for the 9955 II. 
Bits 34 to 46 for the 9750 to 9955. 
Bits 29 to 41 for the 2755. 
Bits 29 to 40 for the 2350 to 2655, 9650, and 9655. 
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To access an entry ±n the STLB, the processor uses a hashing algorithm. 
The precise eilgorithm varies according to processor as shown in the 
rest of this section. 

The 6350, 9955, and 9955 II use eleven bits from the virtioal address in 
the hashing algorithm, as shown in Table 4-^. This table also 
identifies the names that will he used for these bits in the 
ejcplanation of the algorithm. 



Table 4-i 

Bits Used in the Hashing Algorithm 
For the 6350, 9955, and 9955 II 



Bits 



I Neune 



Bits 5 and 6 of the virtual address. 
This specifies one of the four ETARS. 

Bits 14 to 16 of the virtTial address. 
These axe the three least significant 
bits of the segment field. 

Bits 17 to 22 of the virtual address. 
These are all of the bits in the 
page field. 



DTAR Bit 1 I 
and I 

DTAR Bit 2 I 
I 

Seg Bit 8 I 
to I 

Seg Bit 10 I 
I 

Page Bit 1 I 
to I 

Page Bit 6 i 



From Table 4^, the hashing algorithm exclusively Ols pairs of bits to 
form a 9-bit address into the STLB. Figure 4-3 shows how these bits 
are used to form the STLB entry address for the 6350; Figure 4-4 
provides this information for the 9955 and 9955 II. 

The 6350, however, has a two-set associative STLB as described in 
Chapter 1. When the processor has formed the STLB entry address, this 
address is at the same offset in both parts of the STLB. Therefore, 
for the 6350, one STLB entry address is used to access two STLB 
entries. This method minamizes two-way thrashing, which is be 
described in further detail in the section "Accessing the STLB and 
Cache". 
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DTAR Bit 1 1 

XCR I STLB Address Bit 1 

Page Bit 1 1 



DTAR Bit 2 



XCR 



STLB Address Bit 2 



Page Bit 2 1 

Seg Bit 8 STLB Address Bit 3 

Seg Bit 9 STLB Address Bit 4 

Seg Bit 10 STLB Address Bit 5 

Page Bit 3 STLB Address Bit 6 

Page Bit 4 STLB Address Bit 7 

Bit 5 STLB Address Bit 8 



Page Bit 6 STLB Address Bit 9 



Hashing Algorithm for the STLB of the 6350 
Figure 4-3 



Seg Bit 10 STLB Address Bit 1 

Seg Bit 9 STLB Address Bit 2 

Seg Bit 8 STLB Address Bit 3 

Page Bit 6 STLB Address Bit 4 

Page Bit 5 STLB Address Bit 5 

Page Bit 4 STLB Address Bit 6 

Page Bit 3 STLB Address Bit 7 

Page Bit 2 1 

XCR I STLB Address Bit 8 

DTAR Bit 2 1 



Page Bit 1 
DTAR Bit 1 



XCR 



— STLB Address Bit 9 



Hashing Algorithm for the 9955 and 9955 II STLB 
Figure 4-4 
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IZy.^^ ^f to 9950, ten bits from the virtual address are used in the 
hashing algorithm as shown in Table 4-5. This table also contains the 

?^%^ ^f v'"^"^ ^^'^ ^ *^ illustration of the algoritST ^m 
this table the hashing algorithm exclusively ORs pairs of the bits to 
form a 7-bit address into the SILB as shown in Figure 4-5. 



Table 4-5 
Bits Used in the Hashing Algorithm for the 9750 to 9950 



Bits 



I Name 



I 



Bits 5 and 6 of the virtual address. 
These specify one of the four 
ETARs. 

Bits 14 and 15 of the virtual address. 
These are two of the three least sig- 
nificant bits of the segment field. 

Bits 17 to 22 of the virtual address. 
These are all of the bits in the 
page field. 



DTAR Bit 1 I 
and I 

ETAR Bit 2 I 
I 

Seg Bit 8 I 
and I 

Seg Bit 9 I 
I 

Pa^e Bit 1 I 
to I 

Page Bit 6 i 



Bit 1 1 

XDR I — STLB Address Bit 1 
ETAR Bit 1 1 

Page Bit 2 1 

XOR I STLB Address Bit 2 

ETAR Bit 2 1 

Page Bit 3 STLB Address Bit 3 

Seg Bit 9 STLB Address Bit 4 

Page Bit 4 1 

XCR I — STLB Address Bit 5 
Seg Bit 8 1 

Page Bit 5 STLB Address Bit 6 

Page Bit 6 STLB Address Bit 7 

Hashing Algorithm for the 9750 to 9950 
Figure 4-5 
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The 2755 uses eleven bits from the virtual axadress in the hashing 
algorithm, as shown in Taiile 4-6. This taixLe also identifies the names 
that will be tised for these bits in the explanation of the algorithm. 



Table 4-6 
Bits Used in the Hashing Algorithm for the 2755 



Bits 



Bits 5 aM 6 of the virtual ad dr ess. 
This specifies one of the four DTARS. 



Name 



EfTAR Bit 1 

and 
DTAR Bit 2 



Bits 14 to 16 of the virtual address. 
These are the three least signif ioant 
bits of the segment field. 

Bits 17 to 22 of the virtual address. 
These are all of the bits in the 
page field. 



Seg Bit 8 I 

to I 

Seg Bit 10 I 

I 

Page Bit 1 I 

to I 

Page Bit 6 I 



From Table 4-6, the hashing algorithm exclusive CRs pairs of these bits 
to form a 9-bit address into the STLB as shown in Figure 4-6. 
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Bit 6 

Page Bit 5 

Page Bit 4 

DTAR Bit 1 

Page Bit 3 

DTAR Bit 1 

Page Bit 2 

DTAR Bit 2 

Page Bit 1 

ETTAR Bit 1 
Seg Bit 10 

DTAR Bit 1 

Seg Bit 9 

DTAR Bit 1 ■ 



35CR 



XDR 



XOR 



XQR 



XQR 



XCR 



Seg Bit 8 

DTAR Bit 1 



STLB Address Bit 1 
STLB AcMress Bit 2 

STLB Address Bit 3 



— STLB AMress Bit 4 



STLB Address Bit 5 



— STLB Address Bit 6 



— STLB Address Bit 7 



STLB Address Bit 8 



— STLB Address Bit 9 



Hashing Algorithm for the STLB of the 2755 
Figure 4-6 
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The processors 2350 to 2655, 9650, and 9655 use eleven bits from the 
virtmL address aoi five bits from the process ID in the hashing 
algorithm, as shown in Table 4-7. This table also identifies the names 
that will be used for these bits In the explanation of the algorithm. 



Table 4-7 

Bits Used in the Hashing Algorithm 
For the 2350 to 2655, 9650, and 9655 



Bits 



I Name 



Bits 6 to 10 of the process ID. 
These are the five least significant 
bits of the process ID. 

Bits 5 ani 6 of the virtual address. 
This specifies one of the four DTARS. 



Bits 14 to 16 of the virtual address. 
These are the three least significant 
bits of the segment field. 

Bits 17 to 22 of the virtual address. 
These are all of the bits in the 
page field. 



RPID Bits 
6 to 10 



DTAR Bit 1 

and 
DTAR Bit 2 

Seg Bit 8 

to 
Seg Bit 10 

Page Bit 1 

to 
Page Bit 6 



From Table 4-7, the hashing algorithm CRs and exclusive CEte pairs of 
these bits to form a 9-bit address into the STLB as shown In Figure 
4-7. 
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RPID Bit 10 1 

OR I 
ETAR Bit 1 1 



Seg Bit 9 

RPID Bit 9 



WR 



OR I 



HTAR Bit 1 

Page Bit 3 

RPID Bit 8 

DTAR Bit 1 - 



Seg Bit 10 
RPID Bit 7 



XCR 



OR I' 



XCR 



OR 



DTAR Bit 1 



XCR 



Page Bit 4 - 

RPID Bit 6 - 

DTAR Bit 1 ~ 

Seg Bit 8 — 

DTAR Bit 1 - 

Page Bit 1 — 

DTAR Bit 2 — 

Page Bit 2 — 

Page Bit 6 — 

Page Bit 5 — 



OR 



XCR 



XCR 



XCR 



STLB Adiiress Bit 1 



— STLB Address Bit 2 



STLB Address Bit 3 



STLB Address Bit 4 



— STLB Address Bit 5 



— STLB Address Bit 6 



— STLB Address Bit 7 



STLB Address Bit 8 
STLB Adxiress Bit 9 



Hashing Algorithm for the STLB 
Of the 2350 to 2655, 9650, and 9655 

Figure 4-7 
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CaGhfi 



Like the STUB, the oaohfi specifies the page number of the desired 
physical location. In addition. It contains the contents of that 
physical location. Figure 4-8 describes the format of each cache 
entry. The 6350 has a two-set associative cache, as described later in 
the section Accessing the STLB aixi Cache . (See Appendix B for cache 
entry formats for the earlier processors listed on page 1-1). 



1 


1 16 


1 




32 


1 V 


1 PHYSICAL PfiG?, NUMBER 1 




DATA 


1 


1 


6350 Cache Entry 
1 14 


Format 
1 


32 


1 V 


1 PHYSICAL PAGE NUMBER 1 




DATA 


1 


1 


9955 II Cache Entry Format 
1 13 1 


32 


1 V 


1 PHYSICAL P^tK NUMBER 1 




DATA 


1 


2755 aM 9750 to 9955 Cache 
11 12 1 


Entry Format 

32 


1 V 


1 PHYSICAL PAGT=; NUMBER 1 




DATA 


1 



2350 to 2655, 9650, and 9655 Cache Entry Format 



1 Number i i I 
1 of Bits 1 Mnemonic I Description I 


1 1 1 Valid 1 The cache holds valid data when this bit i 
1 1 1 conta,1ns 1. I 
III 1 
1 12 to 16 1 Physical i Specifies the number of the physical page i 
1 1 Page 1 that contains the specified location. i 
1 1 Number i This is the cache index. I 
III 1 
1 32 1 Data 1 Contains a copy of the contents of two i 
1 1 1 consecutive locations in physical memory, l 



Cache Entry Format 
Figure 4-8 
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OTARs 



As described, in Chapter 2, the 50 Series virtual address space is 
divided into four groups of 1024 segments eaGh. Each group is 
referenced througji a descriptor table address register (nPAR) 
associated with it. The public C shared) segments are referenced 
through nrARO and EfTARl; the private (unshared) segments are 



referenced through DrAR2 aai OTARS, 
DTARs. 



Figure 4-9 shows the format of the 



10 11 



16 1? 18 



32 



SIZE 



I - I 



B 



Bits I Mnem i Description 



1 to 10 


SIZE 1 


11 to 16 


A 1 


17 


1 


18 to 32 


B 1 



Specifies 1024 minus the size of the 
segment descriptor table. 

Bits 1 to 6 of the segment descriptor 
table physical address. 

Must have the same value as bit 18. 

Bits 7 to 21 of the segment descriptor 
table physical address. (Bit 22 
of the SET physical address is 0.) 



DTAR Format 
Figure 4-9 
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Segment Descriptor Tsubles 

Each of the tcyui DTARs described above points to a segment descriptor 
table (SOT). These SOTs contain from 1 to 1024 32-bit entries called 
segment descriptor words (SDWs). Each SDV describes one segment. The 
table must begin on an even 16-bit boundary, aiid. must not cross a 
segment boundary. It must also be located in the first 8 Mbytes of 
physical memory, since the OTAR can specify only a 22-bit address. The 
format of the SDWs is shown in Figure 4-10. 



1 16 17 18 20 21 23 24 26 27 32 

I PHYSICAL ADCRESS I F I Al I I A3 I PHYSICAL AIXRESS I 



Bits 



Mnem 



I Description 



1 to 16 



17 



18 to 20 



21 to 23 
24 to ^ 

27 to 32 



PHYSICAL 
ADDRESS 



Al 



A,"^ 



PHYSICAL 
ADCKESS 



Bits 7 to 22 Of the physical starting address 
of a PMT or liMAP. Bits IV to 22 of this 
physical starting address must be 0. 

Fault bit. 

Specifies the access rights for Ring 1: 

000 = no access 

001 = gate 

010 = read access 

Oil = read, write access 

100 = 3?eserved 

101 = reserved 

110 = read, execute access 

111 = read, write, execute access 

Reserved. 

Specifies the aooess rights for Ring 3. 
'see bits 18 to 20 for a list of the 
available access codes. 

Bits 1 to 6 of the physical starting address 
of a PMT or HMAP. 



Segment Descriptor Word Format 
Figure 4-10 
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Page Map TaJales (3755, 6550, aixi 9750 to 9955 II) 

Bits 1 to 16 and bits 27 to 32 of each SEW oontain the starting address 
of a page map talxLe (FMT). These tables contain 64 32-bit entries, 
each of which contains information about one p^®- A page map table 
cannot cross a '200000 (65,536) boundary. Figure 4-11 shows the fonnat 
of each page map table entry. 



1 


2 


3 


4 


5 16 17 


32 


1 R 


U 


M 


S 


1 SOFTWARE 1 PAGE ATXRESS* 


1 



1 Bits 




Mnem 


Name 


Description I 


1 1 




R 


Resident 
Bit 


Indicates if the page resides in i 
ph37sical manory. 1 indicates i 
residency. i 


1 2 




U 


Used bit 


Hardware sets U to 1 when a page i 
is used. 1 


1 3 




M 


Modified 
Bit 


Hardware resets M to when a page i 
is modified. I 


1 4 




S 


Sha,-red 
Bit 


Inhibits use of cache. i 


1 5 to 


16 


SOFTWARE 


Softwaxe 


Reserved for software use. i 


1 17 to 


32* 


PAGE 
AllKESS 


Page 
Address 


Specifies high order bits of a i 
physical page address. i 



* Bits 17 to 18 must be zero for the 9955 II. 
Bits 17 to 19 must be zero for the 2755 aoi 9750 to 9955. 



PMT Entry Fonnat (2755, 6350, and 9750 to 9955 II) 

Figure 4-11 
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Hardvaxe Page Map Tables (All Other 50 Series Prooessors) 

Bits 1 to 16 aiid bits 27 to 32 of each SEW contain the starting address 
of a hajdwaxe page map table (HMAP). Each table contains 64 16-bit 
entries, each of which contains information about one virtual page. An 
HMAP cannot cross a '200000 (65,536) boundary. Figure 4-12 shows the 
format of each HMAP entry. This entry is also valid for the earlier 
systems listed on page 1-1. 



12 3 4 5 16 
R I U I M I S I PAGE ADERESS I 



1 Bits 




Mnem 


Name I 


1 1 




R 


Resident I 
Bit 1 


1 2 




u 


Used Bit 1 


1 3 




M 


Modified I 
Bit 1 


1 4 




S 


Shared i 
Bit 1 


1 5 to 


16 


PAGE 
ADCKESS 


Page 1 
Aidress i 



Description 



Indicates if the page resides in 
physical memory. 1 indicates 
residency. 

Hardware sets U to 1 when a page 
is used. 

Hardware resets M to when a 
page is modified. 

Inhibits use of cache. 



Specifies high-order 12 bits of 
ph5rsical page address. 



HMAP Entry Format (All Other 50 Series Processors) 

Figure 4-12 



Additional Data Structures 



Wien a referenced virtual page is not in memory, software uses 
additional mapping data struct\ires to process the resulting page fault. 
This activity basically incl-udes locating the referenced page on disk, 
making room for the page in physical memory if necessary iy 



PMT/mfAP 



iiTYia.tincy thp 
— i 



gntry 



STLB entry for that page. 



1 ^^^A-^^ *-\^r 

for that page. 



plAcv^ .i_LlOv> IL^^^AlLiwu. y , Cb l B i 

Ihfi hardware u^nlates the 
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AOCESSmG THE STLB AND GAGEIE 

As desoribed in Chapter 1, the SILB aad the cache are high-speed 
buffers. If these buffers contain valid information for the process 
making a reference to a piece of data, the processor can access them in 
very little tiine instead of having to make a long memory access. 

The hardware accesses both the STLB and the cache in parallel to speed 
up the reference. A slightly different set of actions is performed, 
depending on whether the operation is a read or a write. Refer to 
Figures 4-13 and 4-14 when reading the text in these sections. 



Read ^femory Access 

As shown in Figure 4-13, the hardware performs three tasks in parallel: 
it references the STIB, references the cache, and validates the 
reference's access rights. The priority among these three tasks is 
also illustrated in the figure: the leftmost task (ahecktog the STLB 
entry) has a higher priority than the access check, and the access 
check has a higher priority than the cache entry step. This means that 
if a problem arises in the STLB entry step, that is solved first; then 
the whole access is retried from the beginning . The teact in this 
section describes the access according to this priority. 



Step 1. Accessing an STLB Entry 

The hashing algorithm described above uses bits from the virtual 
address to choose an STLB entry. To make sure that this entry contains 
valid data, the hardware checks the entry's valid bit. If it contains 
1, the entry is valid; 0, invalid. The bits in the virtual address' 
segment number not used to select the STLB entry are compared to the 
segment ntimber bits for the STLB entry. The hardware must also check 
that the process ID in the STLB entry is identical to that of the 
process making the reference. This is done only if the segment number 
specified in the virtual address is greater than or equal to 
'4OO0 — that is, if the segment specified is in process private 
address space. If all of these conditions are met, the STLB entry 
contains valid data and can be used. 

For the 6350 processor, the access to the STLB retiims two entries. 
Each, entry's segments bits, etc. , that axe not used in the STLB access 
described above axe compared to the bits in the virtual address. If 
either of the two entries matches, the valid data from the matching 
entry is used. 

This is called a two-set associative STLB. Each virtual addressing 
mapping can be in one of two different STLB locations. Two virtual 
addresses that map to the same STLB address can be used together 
without references to the one foiling the mapping for the other to be 
overwritten. When such a conflict occurs, it's called a collision. 
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Invoke Page 
Fault Handler 





- 40,000 ^secs 
<.001% 



Set Used Bit 
in Page Map 



Load STLB 
Entry 



Yes 



4 /isecs 
.5-1% 




Start Mennory 
and Read Data 
into Cache 



^.2 iisecs 
14.5% 



Use Data 
from Cache 



I 



f DONE j 



.OS^isecs 
85% 



Read Memory Aooess 
Figure 4-13 
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Many collisions can drastically reduce perf ontance ; this reduction is 
called thrashing. The two sets of STLB entries in the 6350 effectively 
eliminate two-way thrashing. 

If the conditions axe not met, the STLjB needs to be loaded with the 
correct data. Therefore, the address translation microcode is invoked. 
(See Address Translation , below.) Assuming no page faults occur, the 
new translation is loaded into the STLB entry, and the used bit in that 
entry is set to 1. The reference is then retried from the begiiming. 



Step 2. Choosing an Access Field 

If the STLB entry contains valid data, the hardware must determine what 
access rights should govern the reference. This requires two steps: 
first, isolating the ring number that specifies what access field to 
use; and second, using the access field contents to determine whether 
the reference is valid or not. STLB entries for segment have no ring 
field entry and can be accessed only by Ring 0. 

To isolate the ring number, the processor weakens the ring number 
contained within the program counter by logically CRing it with the 
ring number contained in the effective address. This screens out all 
invalid references to lower-numbered rings (inward references), but 
allows references to higher-numbered rings (outward references) to be 
made. 

This screening process makes sure that the access rights of the 
referencing procedure are weaker than those of the referenced 
procedure. If this were not done, then a Ring 3 procedure could call a 
Ring procedure, which in turn could call several procedures for which 
the Ring 3 procedure had no access rights. Screening out such 
references protects the integrity of the entire system. 

Once the EA ring number has been weakened, the processor uses the 
weakened ring number to select an access field. If the ring number is 
00, the hardware assumes that the inference has unlimited access and no 
further access Ghecking is done. If the ring number is 01 or 11, the 
hardware uses the Ring 1 or Ring 3 access fields, respectively, in the 
STLB entry as the access field. If the ring number is 10, uMefined 
results occur. 

The access fields in the STLB entry specify the operations that 
references using this entry can legitimately perform. Table 4-8 lists 
the values these fields can contain and their meanings. 
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Table 4-8 
Access Field Val\ies and Their tfeanings 



Value 


1 Description 1 


000 


1 No aooess i 


001 


1 Gate (See Qiapter 8.) i 


010 


1 Read access I 


Oil 


1 Read, write access i 


100 


1 Reserved i 


101 


1 Reserved i 


110 


1 Read, execute access i 


111 


1 Read, write, execute access i 



The hardware dhecks the operation specified in the instruction, making 
the reference against the selected access field to ensure that the 
operation is valid. For example, if the instruction specifies a read 
operation and the selected access field allows reads, then the read 
operation is valid. If, however, the instruction specifies a write aj3d 
the aooess field allows only reads, then the operation is invalid. In 
the first case, the processor performs the valid operation and program 
execution continues. In the latter case, an aooess fault occurs and 
control transfers to the access fault handler. See Chapter 10 for more 
information aixnit faults. 

A reference must have read access to perform either a write or an 
execute operation. If an instruction specifies either a write or an 
execute and the access field does not allow reads, an access fault 
occurs. 



Step 5. Accessing the Cache 

If the access check is successful, the hardware references the cache. 
To do this, the hardware must form an address that references an entry 
in the cache index, which In turn specifies an entry in the cache data. 
The way that the cache index address is formed depends on the processor 
as shown in TaJale 4-9. 
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Table 4-9 
Viortual Address Bits Used In Forming a Caobe Index Address 



Processors i Virtual Address Bits Used and Signifioanoe 

2350 to 2655 and I 20 to 32: the 3 least significant page bits 

6350 to 9950 I aai the 10-bit offset field 

2755, 9955, and I 18 to 32: the 5 least significant page bits 

9955 II I and the 10-bit offset field 



The 3 and 5 least significant page bits from the virtual address create 
a virtually mapped cache. See Mapped I/O and OlA in Chapter 11 for 
information aixjut how the MBIO bits in the lOTLB reconstruct this 
virtual mapping. 

For the earlier processors listed on page 1-1, see Appendix B for cache 
access Information. 

When the hardware has an address, it tises it to select an entry, j, ±q 
the cache index. Entry ^ contains a physical page address, which the 
hardwaxe compares to the physical page address specified in the STLB 
entry. If the page numbers are the sane, then the jth entry in the 
cache data area contains the contents of the desired ph37Sical location. 
These contents are used in the specified operation. 

For the 6350 processor, the access to the cache returns two entries in 
the cache index. Each of these two entries contains a physical page 
address, which the hardware compares to the phs^ical page address 
specified in the STLB entry. If the physical page address contained in 
either of the two entries matches that specified in the STLB entry, 
then the data associated with that entry in the cache data area 
contains the contents of the desired physical location. These contents 
are used in the specified operation. 

This is called a two-set associative cache. The data associated with 
each virtual address can be in one of two different cache locations. 
Two virtiial addresses with the saite cache index address can be used 
together without references to the one forcing the data for the other 
to be overwritten. When such a conflict occurs, it's called a 
collision. Many collisions can drastically reduce performance; this 
reduction is called thrashing. The two sets of cache entries in the 
6350 effectively eliminate two-way thrashing. 

If the page numbers are not the saite, the hardware must read the data 
from the physical location specified in the STLB into the cache. It 
starts memory, reads the data into the cache, and then retries the 
access from the beginning. 
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Step 4. Tjjcdjjg Consideratloiis 

Figure 4-13 lists the time taken by each step of the read memory 
access. These figures are based on a 1-MIPS majotiine. The figure also 
notes the percentage of tlites each step is likely to occur. As shown, 
the cache and STLB contain the needed infonmation 85% of the time, and 
so the access requires only 80 nanoseconds. In addition, even though a 
page fault requires 40,000 microseconds it occurs very rarely (on the 
order of 10 per second). The other three steps occur the majority of 
the tlite, aM give the sjTStem an average read memory access time of .24 
to .36 microseconds. 



Write Memory Access 

Figure 4-14 describes the general steps that occur in a write memory 
access. The hardware references the STLB, validates the reference's 
access rigjits, atxi checks the STLB modified bit in parallel. The 
access validation, however, takes precedence over checking the modified 
bit, ani the STLB entry access takes precedence over the access 
validation. This means that if problems occur in one of the steps with 
higher precedence, the problem is corrected and the access is retried 
from the beginning, even if no problems occur with other steps. 



Step 1. Accessing the STLB 

The hardware uses the hashing algorithm described above to select an 
STLB entry. The entry is validated in the same way as that described 
in the Read Memory Access section. 



Step 2. CJhecking the Access Rights 

This step is identical to that described in the Read Memory Access 
section above. 



Step 5. Gbecking the STLB Modified Bit 

If the STLB entry is valid and if the reference has the proper access, 
the hardware checks the STLB entry's modified bit. If this bit 
contains 1, the page is being modified for the first time since this 
STLB entry was last used. This means that hardware must reset the 
modified bit in the page map table (FMT or HMAP) and the STLB using the 
address translation mechanism. Once the new translation is loaded into 
the STLB entiy, the reference is retried from the beginning. 
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Invoke Page 
Fault Handler 



Yes 


Mark 


Page 




as Used 




1 


' 




Load STLB 
Entry 



- 33000 (isecs 
.004% 



4 usees 

1% 




Translate 
Address 



Mark Page 
as Modified 



Reload 
STLB Entry 



4 (isecs 

1% 



Write Into 
Cache and 

Memory 



-f DONE ) 



8 f<secs 



35% 



.28 (isecs 

64% 



(Not Overlapped) 



(Overlapped) 



Write Memory Access 
Figure 4-14 
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If the STLB entry's modified bit is (meaning this page has been 
modified), the hardware forms the address of a cache entry (see 
Aocessing the Cache , above), starts memory, and writes the contents of 
the referenced location into memory. The data is also written to cache 
in all cases on some processors. On other processors, the data is 
written to cache only if there is a cache hit. 



Step 4. Timing Considerations 

Figure 4-14 lists the time each step of the write memory access tates. 
These figures are based on a 1-MlPS machine. The figure also notes the 
percentage of times eaxih step is likely to occur. As shown, the STLB 
contains the needed information 35% to 64% of the time, depending on 
whether the accesses are overlapped or not. In the case of overlapped 
transfers, the system's average write access time varies from one 
processor to another, but ranges from about 0.22 to 0.28 microseconds; 
for transfers that are not overlapped, the average time ranges from 
about 0.32 to 0.8 microseconds. 



AEmESS TRANSLATION 

When the STLB does not contain information about the 
virtual-to-physical translation, a microcoded part of PRIMOS (called 
the address translation mechanism , or ATM) must perform the 
translation. The DIARs , the segment descriptor tables , and the 
hardware/page map tables allow the ATM to make the correct reference. 

"When reading the detailed description of the translation process, refer 
to Figures 4-15 and 4-16. Figure 4-15 depicts address translation on 
the 2755, 6350, and 9750 to 9955 II. Figure 4-16 shows address 
translation on all other processors. The nimbers labelling the 
discussion match the numbers on the diagram. 



1. Interpreting the Virtual Address 

•vho virt-Tial address derived fro© the information contained in an 
instruction is a 32-bit quantity. When the translation occurs, the 
virtual address is interpreted as shown in Figure 4-1. Bits 2 to 3 
contain protection information and will be described in the next 
chapter. Bits 5 to 16 contain a ^gment number; bits 17 to 22, a page 
nuitiber; and bits 23 to 32, an offset. The ATM looks at bits 5 to 6 
first, since they specify one of the four DTARs. The ATM references 
the specified DTAR. 
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DTAR1 




1 10 11 16 17 1832 


*- 
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DTAR3 










@ 











16 7 21 22 
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Segment 

Descriptor 

Table 



Points to Start 
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Offset 
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Starting 

Address 

Plus Rest of @ 
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Page Map 
Table 



Starting Address 
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2. Referencing the DTAR 

The specified DTAR contains the address of a segment descriptor taMe, 
as well as the size of the table. The ATM vises the contents of bits 11 
to 32 of the HTAR to form the starting address of the SET. 



5. Validating the Segment Number 

After forming the table's starting address, the ATM uses bits 7 to 16 
of the virtual address as an offset ijato the table. It first compares 
the segment number contained in these bits to bits 1 to 10 of the DTAR 
to checfe if the virtual address specifies an invalid segment. If the 
segment number is greater than the maximum allowable table size, the 
segment number is invalid and a segment fault occurs (segment number 
too laxge). If the segment nuinber is less than or equal to the maximum 
allowable table size, the segment number is valid and the ATM f\ 6<^ B 
twice the value of virt\ial address bits 7 to 16 to the starting address 
of the SDT. The sum specifies an entry, n, in the SDT. 



4. Referencing the SDT 

Entry n in the SET contains a segment fault bit, access information 
(see next chapter), and the address of a Page Map Table (PMT) or a 
Hardware Page Map Table (HMAP). The ATM checks bit 17, the fault bit, 
for an invalid segment. If F contains a 1, the segment is invalid or a 
PMT/HMAP is missing, and a segment fault occurs. If F contains a 0, 
the segment is valid, and the ATM uses bits 1 to 16 and 27 to 32 of 
entry n as the starting address of a PMT or an HMAP. 

To access the PMT, the ATM adds twice the value of bits 17 to 22 of the 
virtual address to reference the correct entry, m. To access the HMAP 
entry m, the ATM adds the contents of bits 17 to 22 of the virtual 
address to the starting address of the HMAP. 



5. CSieciking Page Statxis 

Bits 1 to 4 of PMT/HMAP entry m contain status information about a page 
of memory. When the entry is obtained from memory, the ATM examines 
the used (U) bit. If the content is 1, the page is assumed to be 
resident (R bit=l). If the U bit content is 0, the resident (R) bit is 
examined. If R contains 1, the page is resident but unused; the ATM 
sets the U bit in the PMT/HMAP entiy and loads the translation into the 
STLB. If R contains 0, the page is not resident and a page fault 
occurs. (Chapter 10 contains more information about faults.) This 
ordering of the examination of the U and R bits maximizes the speed of 
the ATM. 
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Note 

The combination of R=0 and U=l is illegal and will cause 
undefined results. 



6. Forming the Address and Loading the STLB 

After determining that no page fault exists, the ATM combines the 
ph37sical page address in the EbfT/HMAP with the 10-bit offset from the 
virtual address to form a final physical address as shown in Table 
4-10. 



Table 4-10 
Forming the Final Physical Address 



Processors 



6350 

9955 II 

2755 and 9750 to 9955 

All other processors 



I Bits Used iy ATM 

1 EMT bits 17 to 32 and 

I VA bits 23 to 32 

I 

I PMT bits 19 to 32 and 

I VA bits 23 to 32 

I 

I PMT bits 20 to 32 and 

I VA bits 23 to 32 

I 

I HMAP bits 5 to 16 and 

I VA bits 23 to 32 



Final Ph37Sical 
Add3?ess Length 



26 Bits 
24 Bits 
23 Bits 
22 Bits 



The ATM loads this t±Dal physical address, pl\is its associated axxsess 
information, into the STLB. The translation process for any address 
has to be done only the first time that any location on the page is 
referenced, because after that the STLB contains the translated value. 
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SIJMMARY 

This cthapter described how a 50 Series ^stem uses a virtual address to 
locate information in physical memory. The cache and STLB provide 
rapid means of locating commonly referenced information without 
requiring memory access. When these buffers do not contain the desired 
information, a combination of processor hardware, firmware, and FRDKX 
software can translate the \iser's virtual address into a physical one 
through the use of specialized data structures and algorithms. The 
software page fault handler ensures that information currently on disk 
is moved in a controlled fashion into main memory when it is needed. 
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Control Information and 
Restricted Instructions 



The previous three chapters have described, physical and virtual memory, 
how they aj?e manipulated, and the data structures \ised in their 
manipulation. These data structiu?es, like many parts of PEUMOS, are 
essential to S37stem operation and so axe protected against use by the 
casual user. However, a set of restricted instructions is availahle 
for situations that require manipulation of these aoi other system 
structures. 

This chapter describes some of these other data structures, especially 
the keys and modals, and lists the restricted instructions ani 
describes what they do. Restricted instructions can be executed in 
Ring 0, and many of them perform system functions, such as purging an 
STLB entry. Others manipulate some of the other S37Stem data 
structures, such as the Iseys register or the sense switches. For more 
detailed information about these instructions, refer to the appropriate 
entries in the Instruction Sets Guide. 



OTHER SYSTEM DATA STRUCTURES 

There are other data structures the ^stem uses: 

• Modals 

• Kej^ 

• CBIT, LINK, and condition code bits 
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Modals 



The 16-bit register called the modals contains information about the 
state of the processor. This register specifies information needed by 
the hardware aiKi the operating system, such as the type of process 
control the system uses aai which user register set is currently 
active. (See Chapter 9.) This register is directly accessible only in 
V and I modes. 

Figure 5-1 shows the normal setting of the modals that PRIMOS uses. 
Figure 5-2 shows the format of the modals. Table 5-1 lists the 
instructions that modify the modals. Never modify the modals with the 
STUl instruction; use only the instructions listed in Table 5-1. In 
addition, never use LPSW to change bits 9 to 11 of the modals. For 
more information, refer to individual instruction descriptions in the 
Instruction Sets Guide. 



8 9 11 12 16 



11000000 I CRS I 11111 I 



Normal Modals Setting 
Figure 5-1 
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2 3 



8 9 11 12 13 14 15 16 



E I V I 000000 I CRS I mo I PXM I S I MGM 



Bits 
1 



Mnem i Descjriptlon 



3 to 8 



9 to 11 



12 



13 



14 



15 to 16 



E 



CRS 



MIO 



PXM 



MGM 



Enable interrupts: 

= interrupts diseibled 

1 = interrupts enabled 

Vectored interrupt mode: 

= standard interrupt mode 

1 = vectored interrupt mode 

Must be zero. 

Specifies the current register set. 
Only the PXM can alter these bits. 
(See Chapter 9.) 

Specifies the current mode of I/O: 

= unmapped mode 

1 = mapped mode 

Process exchange enable/disable: 

= process exchange disabled 

1 = process exchange enabled 

Specifies the mode of segmentation: 

= no segmentation 

1 = segmentation 

Machine checfc mode: 

00 = no reporting 

01 = report only uncorrected memory 

parity errors 

10 = report only unrecovered errors 

11 = report all errors 

See Qiapter 10 for more information. 



Modals Format 
(V and I Modes Only) 

Figure 5-2 
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Table 5-1 
Modals Instructions 



Mnem i Name 
EMCM 



Modes I Description 



ENB 
ESIM 
EVIM 
INH 

mcM 

LPSW 
RMC 



I Enter Machine 

I Qieck Mode 

I 

I Enable 

I Interrupts 

I 

I Enter Standard. 

I Interrupt Mode 

1 

I Enter Vectored 

I Interrupt Mode 

I 

I Inhibit 

I Interrupts 



I 

I Leave Machine 

I Gheck Mode 

I 

I Load. Program 

1 Status Word. 

I 

I Reset Machine 

I Qieck Flag to Oi 



S.R.V.Ii Enters machine csheck mode. 



S.R.V.II Sets hit 1 of the modals to 1. 



S,R,V I Resets bit 2 of the modals to 0. 



S.R.V I Sets bit 2 of the modals to 1. 



S.R.V.Il Resets bit 1 of the modals to 0. 



S.R.V.II Leaves machine check mode. 



V,I i Loads the PSW with the contents 
1 of a location in memory. 
I 

S.R.V.II Resets bits 15 to 16 of the 
I modals to and inhibits 
I interrupts for the next 
I instruction. 



Keys 

The other 16-bit register, the keys , describes the currently running 
process and the procedure that process is executing. The keys contain 
status inforaiation (such as the mode of addressing currently enabled) 
and specify fault handling information. Figure 5-3 shows the format of 
the &Bys tor a moae ana k muujfcj. rxguixs c>— i cxiiuwo ui«= iv^^uw,.^ ^^^ . .— .~. 
I modes, and Figure 5-5 displays the nonnal settings for the V and 
I mode kejTS. Table 5-2 lists the Instructions that modify the keys. 

Never modify the keys or modals with the STLH instruction; use only 
the instructions listed in TaJDle 5-2. In addition, never use LPSW to 
change bits 15 to 16 of the keys. For more information, refer to 
individual instruction descriptions in the Instruction Sets Guide . 
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I CBIT I DEL 



3 4 



6 



8 9 



16 



MODE I FEX I lEX I VISIBLE SHIFT OOUNT I 



Bits I Mnem 



3 

4 to 6 



8 



9 to 16 



CBIT 



nBL 



MODE 



FEX 



lEX 



VISIBLE 

SHIFT 

OOUNT 



I Description 



Reflects arithmetic conditions of 
some instructions. 

Reflects arithmetic mode: 

= single precision 

1 = double precision 

Reserved for future use. 

Specifies the current mode of addressing: 

000 = 168 

001 = 32S 
010 = 64R 
Oil = 32R 

100 = 321 

101 = unused 

110 = 64V 

111 = unused 

Floating-point exception enable /disaiile : 

= set CBIT to 1 and invoke fault 

handler on error 

1 = set CBIT to 1 only on error 

Integer e»3eption enable/disable: 

= set CBIT to 1 only on error 

1 = set CBIT to 1 and invoke fault 

handler on error 

Bottom half of the floating-point 
exponent. 



Kejrs Format, S and R Modes 
Figure 5-3 
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12 3 



8 9 10 11 



12 



13 14 15 16 



ICBITIOILINKI MCEE IFEXIIEXI U£\ BtJiDEXI ASCII-8 I RND I P850 1 IN I SDI 



Bits I Moem i Description 



1 1 


CBIT 1 


2 1 




3 1 


LINK 1 


4 to 6 1 


VOEE 1 


7 


1 
FKX 1 


8 


IHX 1 


9 


1 LT 1 


10 


1 EQ 1 


11 


1 11KX 1 



Reflects arithmetic conditions of 
some instructions. 

Must be zero. 

Reflects axithmetic conditions of 
some instructions. 

Specifies the current mode of addressing; 

000 = 16S 

001 = 32S 
010 = 64R 
Oil = 32R 

100 = 321 

101 = -urnised 

110 = 64V 

111 = -unused 

Floating-point exception enaible/disable: 

= set CBIT to 1 and invoike 

fault, haaaier on error 

1 = set CBIT to 1 only on error 

Integer exception enable/disaiJle: 

= set CBIT to 1 only on error 

1 = set CBIT to 1 and invoke 

fault handler on error 

Less Than condition code: 

1 reflects a less than condition. 

Equal To condition code: 

1 reflects an equal to condition. 

Decimal exception enai)le/disai>le : 

= set CBIT to 1 only on error 

1 = set CBIT to 1 and invoke 

fault handler on error 



Ee^ Format, V and I Modes 
Figure 5-4 
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1 Bits 


1 Mnem i 


1 12 


1 ASCII-81 


1 13 


1 RND 1 


1 14 


P850 1 


1 15 


IN 1 


1 16 1 


SD 1 



Description 



ASCII Ghaxacter representation: 

specifies whether set or reset ASCII 
characters aj?e to be generated. 

= most significant bit of characters 

is 1 (set format) 

1 = most significant bit of characters 

is (reset format) 
Disregarded on the earlier Prime sjTStoons 
(listed on page 1-1) 

Floating-point round: specifies the form 
of roiinding to use in floating-point 
operations . 

= no rounding 

1 = rounding 

Disregarded on the earlier Prime sjretems 
(listed on page 1-1) 

P850 bit: used ty the P850 processor. 
(See Appendix C for P850 information.) 
This bit may be used for other 
processor-specific features. 

In dispatcher: specifies if the current 
process associated with the register 
is in the dispatcher. 

= process is not in the dispatcher 

1 = process is in the dispatcher 

Only the PXM (process exchange mechanism) 
alters this bit. 

Save done bit: specifies if PXM has saved 
valiies of current register set. 

= save must be done before this 

register set can be used 

1 = save has been done and this 

register set is available 
Only the PXM alters this bit. 



Keys Format, V aixi I Modes 
Figure 5-4 (continued) 
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1 3 4 






6 7 16 


1 ADA 1 110 


or 


100 


» 1 OQAAOOOOOO 1 



* Bits 4 to 6 axe 110 (V mode) or 100 (I mode). 
A - The value can be altered by an instruction. 



Normal Keys Setting in V and I Modes 
Figure 5-5 
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KejTS Instructions 


1 Mnem i 


Name i 


Modes 1 


Description 1 


1 

1 TTRT, 1 
i 1 


Enter Double i 
Precision Model 


S.R 1 

1 


Sets bit 2 in the keys to 1. i 


1 E16S 

1 


Enter 16S Mode i 


S.R.V.I 1 

1 


Sets bits 4 to 6 of the keys I 
to 000. 1 


1 E32I 

1 


Enter 321 Mode i 


S.R.V.I 1 

1 


Sets bits 4 to 6 of the keys i 
to 100. 1 


1 E32S 

1 


Enter 32S Mode i 


S.R.V.I 1 

1 


Sets bits 4 to 6 of the keys i 
to 001. 1 


1 E32R 

1 


Enter 32R Mode i 

1 


S,R,V,I 1 

1 


Sets bits 4 to 6 of the keys i 
to Oil. 1 


1 E64R 

1 


Enter 64R Mode i 


S.R.V.I 1 

1 


Sets bits 4 to 6 of the keys i 
to 010. 1 


1 B64V 

1 


Enter 64V Mode 

1 


S.R.V.I 1 

1 


Sets bits 4 to 6 of the keys i 
to 110. 1 


1 INK 
i 


1 Input Keys 

1 


S.R.I 1 

1 


Reads the to^TS into the i 
specified register. I 


1 am 

1 


1 Output Kej^ 

1 


S.R, I 1 

1 


Loads the keys with the contents i 
of the specified register. i 


1 ROB 

1 


1 Reset CBIT 

1 


S.R.V.I 1 


Resets the value of CBIT in i 
the keys to 0. i 


1 SCA 


1 Load .Shift 


S.R 


Loads bits 9 to 16 of the keys i 


1 


1 CaoxA into A 


1 


into bits 9 to 16 of A. i 


1 SCB 

1 


1 Set CBIT 

1 


1 S.R.V.I 

1 


Sets the value of CBIT in i 
the Yassys to 1. i 


1 SGL 

1 


1 Enter Single 
1 Precision Mode 


1 S.R 

1 


Sets bit 2 in the keys to 0. i 

1 


1 LPSW 

1 


1 Toad PSW 

1 


1 V.I 

1 


Loads new data into the keys. I 
moria.ls. and program counter. I 


I TM 


1 Transfer A 


1 S.R.V 


1 Transfers the contents of A i 


1 


1 to Keys 


1 


1 into the keys. i 


1 TE^ 


1 Transfer 


1 S.R.V 


1 Transfers the contents of i 


1 


1 Keys to A 


1 


1 the keys into A. I 
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CBIT, LINK, and the Coiriitlon Ctodes 

Some of the bits in the kes^s merit extra discussion. Bit 1, CBIT . aai 
tdt 3, LINK , are set hy many instructions to indicate ooixaitions under 
whicii the instruction completed ejoecution. Several instructions 
performing arithmetic operations, for example, set CBIT to 1 to 
indicate that the operation has resulted in an overflow (a result too 
large to fit in the specified nuinber of bits) . Others set LINK to 1 to 
reflect a carry out condition. Still others set CBIT to indicate a 
fault condition. The instruction entries in the Instruction Sets Guide 
state how eaoh instruction affects the values of these bits. 

Also note that bits 9 and 10 of the lasys contain the condition codes . 
Many arithmetic, branch, skip, jump, and other instructions set these 
bits to indicate the result of a test (a result is less than 0, for 
ejtajmple), to indicate whether a value is positive or negative, and so 
on. Other instructions use the condition code values as Boolean 
values. The instruction entries in the Instruction Sets Guide also 
describe how an instruction affects the state of these bits. 

BQ sliows whether or not a 16-bit or 32-bit result is equal to 0. LT 
contains the extended sign for arithmetic and comparison operations. 
The extended sign is the sign of the result as if the operation had 
been done on a machine of Ijifinite precision; thus, LT shows the 
correct sign of the result despite any overflow. For logic operations, 
LT reflects the sign of the result. Table 5-3 shows condition code 
interpretation for comparison, arithmetic, and logic operations. 

The state of the CBIT, UHK, and condition codes is recorded in special 
hardware after each instruction that modifies them. These axe referred 
to as the live kej^s and are the values tested by instructions. The 
keys register obtains a copy of the live keys upon updates, but may not 
reflect the actual state of the CBIT, LINK, or condition codes. The 
state of these bits sihould only be tested for with the appropriate 
instruction. 
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Table 5-3 
Interpretation of Condition Codes 



1 LT, i)Q 


1 1 








1 Values 


1 Comparison i 


Arithmetic i 


Logic 




1 00 


1 Register > i 


Signed result > i 


Result <> 0, 






1 Register > EA i 


Itasigned result <> i 


High-order bit 


= 1 




1 Reg 1 > Reg 2 








1 01 


1 Register = 


Result = 


Result = 0, 






1 Register = EA 




High-order bit 


= 1 




1 Reg 1 = Reg 2 








1 10 


-H H 

1 Register < 


Result < 


Result <> 0, 






1 Register < EA 




High-order bit 


= 1 1 




1 Peg 1 < Reg 2 








1 11 


+ 

1 Not working 

1 
1 
1 
1 
1 
1 
1 
1 
1 


Happens only when the 
largest negative 
number is added to 
itself. (GBIT is 
set to 1 as well to 
1 show overflow, or is 
1 loaded with this 
1 state by TAK, LPSW, 
1 process exchange, 
1 PGL, etc. 


Not working 
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RESTRICTED INSTRUCnC3NS 

Table 5^ lists the restricted instrucTtions aM briefly describes their 
ajctions. Refer to the Instruction Sets Guide for more information 
about these instructions. 



Table 5^ 
Restricted Instructions 



Mnem 


1 Name 


1 Modes 


1 Description i 


EIO 


1 ExFicute I/O 


1 V.I 


Executes an effective address i 
as an I/O .instruction. i 


ENB 


1 Enable 


S.R.V.I 


Enables interrupts so that I 




1 Interrupts 




devices can request service. i 


HLT 


Halt 


S.R.V.I 


Halts the processor. i 


INA 


Input to A 


S.R 


Loads data from the specified i 
device into A. i 


INBC 


Tntermpt 


V.I 


Notifies during the interrupt I 




Notify 




code. Uses LIPO queuing. I 
Clears the currently active i 
intermpt . i 


INBN 


Interrupt 


V.I 


Notifies during the interrupt i 




Notify 




code. Uses LIPO queuing. i 
Does not dear the currently I 
active interrupt. i 


INBC 


Interrupt 


V.I 


Notifies during the interrupt i 




Notify 




code. Uses FIFO queuing. i 
Clears the currently active i 
interrupt. I 


INEN 


Interrupt 


V.I 


Notifies during the interiTupt I 




Notify 




code. Uses FIFO queuing. i 
Does not clear the currently i 
active interrupt. i 


INH 


Inhibit 


S.R.V.I 


Disables interrupts so that i 




Interrupts 




devices cannot request service, i 


IRTC 


Interrupt 


V.I 


Returns control from an interrupt i 




Retiim 




and dears the currently i 
active Interrupt. i 


IRTN 


Interrupt 


V.I 


RetiUTns control from an interrupt I 




Return 




and does not dear the currently i 
active Interrupt. i 


ITLB 


Invalidate 


V.I 


Invalidates the STLB entry I 




STLB Entry 




specified by L. i 


LIOT 


Load I/O TLB 


V.I 


Loads an entry in the KJi'LB. i 
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Table 5-4 (continued) 
Restricted. Instructions 



1 ^tnem i 


Nsone 1 


Modes 1 


Description i 


1 LPID 1 


Load Process i 


V.I ! 


Loads the process TD contained .in ! 




ID 1 




A into RPID. 1 


1 LPSW 1 


Load PSW 1 


V.I 


Loads new valties into the program i 
counter, keys, and modals. i 


1 NFYE 


Notify End of 


V,I 


Notifies on the specified i 




Queue 




semaphore. Uses LIPO queuing, i 
Does not clear the currently i 
active interrupt. i 


1 NFYB 


Notify Head 


V.I 


Notifies on the specified i 




of Queue 




semaphore. Uses FIFO queuing, i 
Does not clear the currently I 
active interrupt. I 


1 OCP 


Output Control 


S.R 


Sends a control pulse to a device. I 


1 OTA 


Output from A 


S,R 


Transfers data from A to the i 
specified device. i 


1 Fi'LB 


Purge TTiB 


V.I 


Purges either an entry or a I 
page in the translation I 
looka.side buffer. i 


1 RMC 


Cleax Machine 
Ghecsk 


S. R.V.I 


Clears the machine check flag. I 


1 RTS 


Reset Time 


V.I 


Resets the value of the interval i 




Slice 




timer. i 


1 SKS 


Slcip on 


S.R 


When the specified condition is i 




Satisfied 




satisfied, the specified device i 




Condition 




responds ready and SKS skips the i 
next 16 bits. i 


1 S'i'i'M 


Store 


V.I 


Stores the CPU model number and I 




Processor 




microcode revision number i 




1 Model Number 




into memory. i 


1 WAIT 


Wait 


V.I 


1 Waits vmtil the specified i 
1 semaphore is notified. i 



SUMMARY 

In this chapter you have read alout more of the system registers and 
data structures that aid in controlling sjTStem operation. The next 
chapter, Datatypes , presents the data representations and formats 
supportai on the 50 Series processors. It also lists the instructions 
you can use to manipilate the various tj/pes of data. 
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Datatypes 



The 50 Series systems support several data representations. These 
representations fall into the major groups: 

• Fixed-point data 

• Floating-point numbers 

• Decimal integers 

• Chaxaater strings 

• Queues 

This chapter describes each of these data representations, emd the 
operations aM instructions available to maMpulate each type. 

Throughout the rest of this book, R is used to indicate a 32-bit I mode 
general register, while r indicates bits 1 to 16 of a 32-bit I mode 
general register. In addition, A and B represent S aM R mode 16-bit 
registers; L aM E represent V mode 32-bit registers. 



FIXED-POINT DATA 

FixBd-point data can be a logical value , a signed or unsigned integer , 
or an address. Addresses are treated as unsigned integers. 
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Logical Values 

A logical valtie is a 16-bit or 32-bit valiie that is interpreted as a 
string of bits. Table 6-1 lists the instructions that perfonn logical 
operations, such as CR and AND. The 50 Series processors treat each 
bit in a bit string separately: the value of one bit does not affect 
the value of another. 

There are several instructions available that test logical values and 
perform an action depending on the result of the test. CJbapter 7 
discusses these instructions. 



Table 6-1 
Logic Instructions 



1 Mnem i 


Name i 


Modes 


Description i 

1 


1 ANA 1 


AND to A 1 


S.R.V 


Logically ANDs the contents of A and i 
the contents of a memory location, i 


1 ANL 1 


AND Long 1 


V 


Logioa,ny ANDs the contents of L and i 
the contents of a memory location, i 


1 CMA 


ComplemRTit A 


S,R,V 


Forms the one's complement of the i 
contents of A. ! 


1 CMH 


Coraplement 


I 


Forms the one's complement of the i 




HaHfword 




contents of r. i 


1 cm 


Complement 


I 


Forms the one's complement of the i 




FiiTTword 




contents of R. i 


1 ERA 


Exclusive CR 


S.R.V 


Exclusively CRs the contents of A andl 




to A 




thp contents of a memory location, i 


1 ERL 


Exclxasive CR 


V 


Exclusively CRs the contents of L andi 




Long 




the contents of a memory location, i 


1 N 


AND FnlTword 


I 


1 Logically ANDs the contents of R and i 
1 the contents of a memory location, i 


1 NH 


AND Ha.lfword 


I 


1 Logicamy ANDs the contents of r ajid i 
1 the contents of a memory location, i 


1 


CR Fullword 


I 


1 Logically CBs the contents of R and i 
1 the contents of a memory location, i 


1 OH 


CR Halfword 


I 


1 Logically CRs the contents of r and i 
1 the contents of a memory location, i 


1 CRA 


1 Inclusive CR 


V 


1 Logically CHs the contents of A and i 




1 to A 




1 the contents of a memory location, i 


1 X 


1 Exclusive CR 


1 I 


1 Exclusively ORs the contents of R andl 




1 Fullword 




1 the contents of a memory location, i 


1 XH 


1 Excl\isive CR 


1 I 


1 Exclusively ORs the contents of r audi 




1 Ha,l fword 




1 the contents of a memory location, i 
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Signed Integers 

Depending on the etddressing mode, there are a variety of signed integer 
formats to use. Each is tased on a magnitude field that represents a 
two's complement value. Figure 6-1 shovTs the formats and data sizes 
available for eacsh addressing mode. 



1 Size 


Modes 


Format 




1 16 bits 


S,R. 
V.I 

V.I 
V,I 
S,R 


1 


16 




1 


MAGNITUDE 1 




1 32 bits 


1 


32 




1 


MAGNITUDE 1 




1 64 bits 


1 




64 1 

1 


1 MAGNITUDE 1 1 

1 


1 31 bits 


1 


16 17 18 32 




1 


MAGNITUnP. 1 1 MAGNITUDE 1 













Signed Integer Formats 
Figure 6-1 



Unsigned Integers 

Unsigned integers can be 16, 32, or 64 bits long. Regardless of length 
or addressing mode, all of the bits in the unsigned integer represent 
the magnitude of the number. 

Most operations work for both signed and unsigned numbers. Special 
tmsigned support is provided only for those magnitude brancii 
instructions that allow results to be evaliiated as \msigned integers. 
Multiply and divide instructions do not work correctly for tmsigned 
integers. 

Table 6-2 lists the instructions that operate on signed and unsigned 
integers. 
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Table 6-2 
Integer Arithmetlo Instructions 



1 Knem 


Name 


Modes 1 


Description 


1 A 


Aifl 


I 1 


Adds the 32-bit contents of a memory 




Fnllword 




location to the contents of R. 


1 AlA 


Add 1 to A 


S.R.V 1 


Adds one to the contents of A. 


1 A2A 


Add 2 to A 


S.R.V 


Adds two to the contents of A. 


1 ACA 


Mrl CBIT 


S.R.V 


Adds the value of CBIT to the 




to A 




contents of A. 


1 AED 


Add 


S.R.V 


Adds the contents of a 16-bit 
memory loca,tion to the 16-bit 
contents of A. 


1 ATTT, 


Add Long 


V 


Adds the 32-bit contents of a memory 
location to the 32-bit contents 
of L. 


1 ATTTT, 


Add T.TNK 


V 


Adds the value of IiINK to the 




to L 




contents of L. 


1 AHTR 


Add T.TNK 


I 


Adds the value of TiTNK to the 




to R 




contents of R. 


i AH 


^d 


I 


Adds the 16-bit contents of a memory 




Halfword 




location to the contents of r. 


1 C 


Compare 


I 


Compares the contents of R to the 




Fill! word 




contents of a memory location a,nd 
sets the condition codes to 
reflect the result of the compaxe. 


1 GH 


Corapare 


I 


Compares the contents of r to the 




Halfword 




contents of a memory location and 
sets the condition codes to 
reflect the result of the compare. 


1 CHS 


Change Sign 


I 


Complements bit 1 of R. 


i CHS 


Change Sign 


S.R.V 


Complements bit 1 of A. 


1 CSA 


Copy Sign 


S.R.V 


Sets CBIT to the value of bit 1 




of A 




in A, then sets bit 1 of A to 0. 


1 CSR 

1 


Copy Sign 


I 


Copies bit 1 of R into CBIT and 
resets bit 1 of R to 0. 


1 D 


Divide 


I 


Divides the 64-bit contents of R 




^k«n 1 vvr^vuS 




r-t««>3 T^ t T l>w« 4-l'*^^ ^m \^A 4- *-»^^'»x+- x-k-w*-^ *.* 




r UJ.XWUXU. 




of of a memory location. 


1 DAD 


Double Add 


S.R 


Adds the 31-bit contents of a 
memory location to the 31-bit 
contents of A arxi B. 


1 DH 


Divide 


I 


Divides the 32-bit contents of R 




Halfvord 




by the 16-bit contents of a itemory 
location. 


1 DHl 


Decrement 


I 


1 Decrements r ty 1 and stores the 




r ty 1 




i results in r. 



r by 2 



Deuj-'wuieiits r ty 
results In r. 



2 and stores the 
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Table 6-2 (continued) 
Integer Aritlunetio Instructions 



Mnem 


Neuie 


Modes 


Description i 


DIV 


Divifia 


S.R 


Divides the 3l-b1t contents of A i 
and B fcy the 16-bit contents i 
of a memory location. i 


DIV 


nivide 


V 


Divides the 32-bit contents of L i 
iy the 16-bit contents of a I 
mRTOOiy location. i 


EM 


Decrement 


I 


Decrements the contents of the i 




Memory 




specified memoiy location ty 1. i 




Fullword 






IMH 


Decrement 


I 


Decrements the contents of the i 




MeitKDry 




specified memory location ty 1. i 




Halfword 






ERl 


Decrement 


I 


Decrements R by 1 and stores the I 




R iy 1 




result in r. I 


ER2 


Decrement 


I 


Decrements R ty 2 and stores the i 




R by 2 




result in r. i 


DSB 


Double 


S.R 


Subtracts the 31-bit contents of a i 




Subtract 




memory location from the 31-bit i 
contents of A and B. i 


DVL 


Divide Long 


V 


Divides the 64-bit contents of E i 
and L ty the 32-bit contents i 
of a memory location. i 


IHl 


Increment 


I 


Increments r ty 1 and stores the i 




r ty 1 




result in r. i 


TFP. 


Increment 


I 


Inox-ements r ty 2 and stores the i 




r ty 2 




result in r. i 


IM 


Increment 


I 


Increments the contents of the i 




Memory 




specified memory location ty 1. I 




Fnllword 






BiH 


Increment 


I 


Increments the contents of the i 




Memory 




specified memory location ty 1. i 




Halfwoixi 






IRl 


Increment 


I 


Increments R ty 1 and stores the i 




R iy 1 




result in R. i 


IR2 


Increment 


I 


Increments R ty 2 and stores the i 




R by 2 




result in R. I 


M 


Multiply 


I 


Multiplies the 32-bit contents of R I 




Fullword 




by the 32-bit contents of a i 
memory location to get a 64-bit i 
result . 1 


MH 


Multiply 


I 


M-ultiplies the 16-bit contents of r I 




Halfword 




ty the 16-bit contents of a i 
memory location to get a 32-bit I 
result. 1 
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Table 6-2 (contin\ied) 
Integer Arithmetic Instructions 



1 Mnem 


Naine 


Modes 


Description 


1 MPL 


Multiply 


V 


Multiplies the 32-bit contents 




Ix)ng 




of L by the 32-bit contents 
of a memory location to get a 
64-bit result. 


1 MPy 


Multiply 


S,R 


Multiplies the 16-bit contents 
of A by the 16-bit contents 
of a memory location to get a 
31-bit result. 


1 MPY 


Multiply 


V 


Multiplies the 16-bit contents 
of A by the 16-bit contents 
of a memory location to get a 
32-bit result. 


1 MPY 


Multiply 


I 


Multiplies the 16-bit contents of r 
by the 16-bit contents of a 
memory location to get a 32-bit 
result. 


1 PID 


Position 


S.R 


Converts the 16-bit integer ia A to 




for 




to a 31-bit integer in A and B. 




Integer 








Divide 






1 PID 


Position 


I 


Converts the 32-bit integer ia R to 




for 




to a 64-bit integer in R and R+1. 




Integer 








Divide 






1 PTm 


Position 


V 


Converts the 16-bit integer ia A to 




for 




to a 31 -bit integer in L. 




Integer 








Dividfi 






1 PTTH 


Position 


I 


Converts the 16-bit integer in r 




for 




to a 32-bit integer in R. 




Integer 








Divide 






1 PTnr, 


Position 


V 


Converts the 32-bit integer in L to 




for 




to a 64-bit integer in L and E. 




Integer 








Divide 






1 PIM 


Position 


S,R 


Converts the 31-bit integer in A 




After 




a,nd B to a 16-bit integer in A. 




Integer 








Multiply 






1 PIM 


Position 


I 


Converts the 64-bit integer in R 




After 




a,nd R+1 to a 32-bit integer in R. 




Integer 








Multiply 
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TaJDle 6-2 (continTied) 
Integer Arithmstic Instructions 



Mnem 


1 Name 


1 Modes 


Description i 


PIMA 


1 Position 


1 V 


Converts the 32-bit integer in L 1 




1 After 




to a 16-bit integer in A. 1 




1 Integer 








1 Multiply 






PIMH 


Position 


I 


Converts the 32-bit integer in R 1 




for 




to a 16-bit integer in r. i 




Integer 








Multiply 






PIML 


Position 


V 


Converts the 64-bit integer in L I 




After 




and E to a 32-bit integer in L. I 




Integer 








Mxiltiply 








long 






SIA 


Subtract 1 
From A 


S.R.V 


Subtracts 1 from the contents of A. i 


S2A 


Subtract 2 
From A 


S.R.V 


Subtracts 2 from the contents of A. I 


S 


Subtract 


I 


Subtracts the 32-bit contents of a i 




Fullword 




memory location from the 32-bit i 
contents of R. i 


SBL 


Suhtract 


V 


Subtracts the 32-bit contents of a i 




Long 




memory location from the 32-bit I 
contents of L. i 


SH 


Subtract 


I 


Subtracts the 16-bit contents of a I 




Fa,l fword 




memory location from the 16-bit I 
contents of r. I 


SSM 


Set Sign 
Minus 


S,R,V 


Sets bit 1 of A to 1. I 


SSM 


Set Sign 
Minus 


I 


Sets bit 1 of R to 1. i 


SSP 


Set Sign 
Plus 


S,R,V 


Sets bit 1 of A to 0. I 


SSP 


Set Sign 
Plus 


I 


Sets bit 1 of R to 0. I 


SUB 


Subtract 


S.R.V 


Subtracts the 16-bit contents of a i 
memory location from the 16-bit I 
contents of A. I 


TGA 


Two's 


S.R.V 


Forms the two's complement of the I 




Complement 
A 
Two's 




contents of A. i 


TfTT, 


V 


Forms the two's complement of the I 




Complement 
L 




contents of L. i 
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Table 6-2 (continued) 
Integer Arithmetic Instructions 



Mnera 


Name i Modes 


1 Description i 


TC 


Two's ! I 


1 Forms the two's conrplement of the i 




Complement i 

R 1 

Two's 1 I 


1 contents of R. i 


TGH 


i Forms the two's complement of the i 




Complement i 

r 1 

Test Memory i I 


1 contents of r. i 


TM 


1 Tests the contents of a memory i 




Fullword 1 


1 location and sets the condition I 
1 codes to reflect the result of i 
1 the test. 1 


TMH 


Test Memory I I 


1 Tests the contents of a memory I 




HalfVord i 


1 location and sets the condition i 
1 codes to reflect the result of i 
1 the test. 1 
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Addresses 

The 50 Series processors ncuaipulate addresses as if they were xmsigned 
integers. Table 6-3 lists the instructions that handle addresses. 



Tai>le 6-3 
Address Manipulation Instructions 



Mnem 


Name 


Modes 


Description i 


EAFA 


EA to FAR 


V.I 


Calculates an effective address i 
and loads it into the i 
specified FAR. i 


FLX, 


Load 


R.V 


Loads X with a multiple of the i 


Uf'LK, 


Floating 




contents of a memory 1 


i^'iX 


Indfix 




location. i 


OKA 


Compute EA 


S,R 


Uses the contents of A as an i 
indirect address, calculates i 
an effective address from the I 
referenced location and I 
loads the EA into A. I 


EAA 


Effective 


R 


Loads an effective address i 




Address to A 




into A. 1 


EAL 


Effective 


V 


Loads an effective address i 




Address to L 




into L. 1 


EAT.R 


Effective 


V.I 


Tjoads an effective address i 




Aiciress to LB 




into LB. 1 


EAR 


Effective 


I 


Loads an effective address i 




Address to R 




into R. 1 


EAXR 


Effective 


V.I 


Loads an effective address i 




Address to SB 




into XB. 1 
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Fixed-point Operations 

The 50 Series processors can perform several kinds of operations on 
fixed-point data. Scare exantples are setting or resetting a single bit 
in a logical val"ue, or storing an unsigned integer into a memory 
location. Table 6^ lists the instructions that move fixed-point data 
from one place to another. Table 6-5 describes a group of special 
load/ store instructions. Table 6-6 lists the instructions that shift 
the contents of a 16-bit or 32-bit register. Table 6-7 shows 
instructions that caji be used to set or reset all or part of a piece of 
data. 



Table 6-4 
Data Movement Instructions 



Mnem i Name 



Modes I Description 



DST 

I 

lAB 
ICA 

ICBL 

ICBR 

IGHL 

IGHR 

ICL 

t Tryn 
I xvJK 



Double Load 
Double Store 

Interchange 

R and 

Memory 

Fullword 
Interchange 

A and B 
Interchange 

Characters 

in A 
Interchange 

and dear 

Left 
Interchange 

and Clear 

Right 
Interchange 

Halfwords 



Left 
Interchange 

Halfwords 

and Cleaj? 

Right 
Interchange 

and Clear 

Left 

IriterGuajige 
dTv-^ rn 

Right 



S.R 
S,R 



S,R,V 
S.R.V 



Loads A and B with the contents 
of two 16-bit memory locations. 

Stores the contents of A aM B 
into two 16-bit memory locations. 

Interchanges the contents of 
R and a memory location. 



Interchanges the values of A 

and B. 
Interchanges the contents of 

the two bytes in A. 

Interchanges the contents of the 
bytes in r, then loads zeroes 
into the leftmost byte of r. 

Interchanges the contents of the 
tytes in r, then loads zeroes 
into the rightmost tyte of r. 

Interchanges the contents of bits 
1 to 16 and bits 17 to 31 of R, 

■hVio-n TriaHs TnM-.a 1 +-.n 1R nf R 



with zeroes. 

Interchanges the contents of bits 
1 to 16 and bits 17 to 31 of R, 
then loads bits 17 to 31 of R 
with zeroes. 

Interchanges the contents of the 
bytes in A, then loads zeroes 
into the leftmost byte of A. 



S.R.V 



! tytes in A, then loads zeroes 
I into the rightmost tyte of A. 
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TfeLble 6^ (continued) 
Data Movement Instructions 



1 Mnem 


1 Name 


1 Modes 


1 Description i 


1 IH 


1 Interchange 


1 I 


1 Interchanges the contents of i 




1 r ajvi, 




1 r and a memory location. i 




1 Memory 






1 TT,K 


1 Interchange 


1 V 


1 Interchanges the contents of i 




1 E and L 




1 E and L. i 




1 HalfWord 






1 IMA 


Interchange 


S.R.V 


Interchanges the contents of A Fkvd a i 




A aj3d 




memory location. i 




Memory 






1 IRB 


Interchange 


I 


Interchanges the contents of bits i 




Register 




1 to 8 and bits 9 to 16 of r. i 




Bytes 






1 IRH 


Interchange 


I 


Interchanges the contents of bits i 




Register 




1 to 16 and bits 17 to 32 of R. i 




Halves 






1 L 


Load 


I 


Loads the contents of a memory i 




Fullword 




location Into R. i 


1 T,m 


Load A 


S.R.V 


Loads the contents of a memory i 
location into A. i 


1 Tnr, 


Load long 


V 


Loads the contents of a memory i 
location into L. i 


1 im 


Load Z 


S.R.V 


Loads the contents of a memory i 
location into X. i 


1 LDY 


Load Y 


V 


Loads the contents of a memory I 
location into Y. i 


1 LH 


Load Halfword 


I 


Loads the contents of a memory I 
location into r. i 


1 LHLl 


Tioad Halfword 


I 


Shifts the contents of a memory i 




Left 




location left one bit and, i 




Shifted 




loads the result Into r. i 




By 1 






1 LHI2 


Load Halfword 


I 


Shifts the contents of a memory i 




Left 




location left two bits and i 




Shi fted 




loads the result into r. i 




By 2 1 






1 LHT.'^ 1 


Load Halfword 1 


I 1 


Shifts the contents of a memory i 




Left 1 




location left three bits a,n1 i 




Shifted 1 




loads the result into r. i 




By 3 1 






1 ST 1 


Store 1 


I 


Stores the contents of R into a I 




Fullword 1 




memory location. i 


1 STA 1 


Store A i 


S.R.V 1 


Stores the contents of A into memory. I 
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Table 6-4 (oontinued) 
Data Movement Instructions 



1 Mnem i 

1 


Name i 


Modes 1 


Description i 


1 

1 STAC 1 


Store A i 


V 1 


Stores the contents of A into memory i 


1 1 
1 1 
1 1 


Coivaitjonanyi 




if the contents of the specified i 
memory location eqiia.1 the contents I 
of B. 1 


1 tfiUJ 1 


Store 1 


I 1 


Stores the contents of R into the I 


1 1 


Conf±Lt j onal 




location specified ty EA if the i 


1 1 

1 


FulTword 




contents of R+1 equal the contents I 
of the location specified ty EA. i 


1 S-iUi 


Store 


I 


Stores the contents of r into the i 


1 


Conditional 




location specified iy EA if the I 


1 
1 
1 


Halfword 




contents of bits 1? to 32 equal thei 
contents of the location specified i 
by EA. 1 


1 STH 

1 


Store Halfword 


I 


Stores the contents of r into a I 
memory location. I 


1 STL 


Store Long 


V 


Stores thifi contents of L into memory, i 


1 STLC 


Store L 


V 


Stores the contents of L into memory i 


1 
1 
1 


Conditionally 




if the contents of the specified i 
memory location equal the contents I 
of E. 1 


1 bTX 


Store X 


S.R.V 


Stores the contents of X Into memory, i 


1 sry 


Store Y 


V 


Stores the contents of Y i.nto memory. I 


1 TAB 

1 


Tra,nsfer 
A to B 


V 


Transfers the contents of A into B. i 

1 


1 TAX 

1 


Transfer 
A to X 


V 


Transfers the contents of A into X. I 

1 


1 TAY 

1 


Transfer 
A to Y 


V 


Transfers the contents of A into Y. i 

1 


1 TEA 

1 


Transfer 
B to A 


V 


Transfers the contents of B into A. i 

1 


1 TKA 

1 


Transfer 
X to A 


V 


Transfers the contents of X into A. i 

1 1 


1 TYA 

1 


Transfer 
Y to A 


1 V 


1 Transfers the contents of Y into A. i 

1 1 


1 XGA 


Exchange and 


S.R.V 


1 Exchanges the contents of A and B, i 


1 


ft^ j-kn vt A 




1 4-V.-4*^ T r^n^r* rr^Wi/^i^Ct A "n^ r\ A 1 


1 


1 v^xcJCU. e\ 




1 ujMSXi j.\jatJLi3 ^JCJ.\jisss J-Li.u\j n. i 


1 XCB 


1 Exchange a,nd 


1 S,R.V 


1 Eajhanges the contents of B and A, i 


1 


1 Clear B 




1 then loads zeroes into B. I 
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Table 6-5 
Special Load/Store Instructions 



Jyfnem i Nanie 



Modes I Description 



RSAV 



RRST 



LDAR 
LDLR 
STAC 

STAR 
STLC 

STLR 



Save Registers 



Restore 
Registers 



Load Addressed 

Register 
Load L from 

Register File 
Store A 

Conditionally 



Store 

Mdressed 

Register 
Store L 

Conditionally 



Store L Into 
Register File 



V.I 



V,I 



I 
V 
V 



Saves the contents of the general, 
floating, temporary, and base 
registers in a block of 
consecutive memory locations. 

Restores the values of the general, 
floating, temporary, aM base 
registers with information 
contained in a block of 
consecutive memory locations. 

Loads the contents of a register 
file location into R. 

Loads the contents of a register 
file location into L. 

Stores the contents of A at the 
specified address if the contents 
of the specified address are 
equal to the contents of B. 

Stores the contents of the 
specified R in a register file 
location. 

Stores the contents of L into the 
specified address if the contents 
of the specified address are 
equal to the contents of E. 

Loals the contents of L into a 
register file location. 
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Table 6-6 
Shift Instructions 



1 Mnem i 


Namft 1 


Modes 1 


Description i 


1 ALL 1 


A Left 1 


S.R.V 1 


Shifts the contents of A i 




Logioa.l 1 




left a specified number of bits. i 


i MR 1 


A Left 1 


S.R,V 1 


Shifts the contents of A i 




Rotate 1 




left a specified. nuitODer of bits, i 
rotating bit 1 into bit 16. I 


1 AI^ 1 


A Left 1 


S.R.V 1 


Shifts the contents of A i 




Shift 1 




left a specified number of bits. I 


1 ARL 1 


A Right 1 


S.R.V 1 


Shifts the contents of A i 




LogiceO. 




right a specified n\;unber of bits. i 


1 ARR 


A Right 


S.R.V 


Shifts the contents of A i 




Rotate 




right a specified number of bits, i 
rotating bit 16 into bit 1. I 


1 ARS 


A Right 


S.R.V 


Shifts the contents of A i 




Shift 




right a specified number of bits. I 


1 T.T,T, 


L Left 


S.R.V 


Shifts the contents of L i 




Logical 




left a specified, number of bits. i 


1 TTR 


L Left 


S.R.V 


Shifts the contents of L i 




Rotate 




left a specified, number of bits, i 
rotating bit 1 into bit 16. i 


1 T.T.S 


L Left 


S.R 


Shifts the contents of A and. B left a i 




Shift 




specified number of bits, bypassing i 
bit 1 of B. 1 


1 LLS 


L Left 


V 


Shifts the contents of L i 




Shift 




left a specified nimiber of bits. i 


1 lilL 


L Right 


S.R.V 


Shifts the contents of L i 




Logical 




right a specified n-umber of bits. I 


1 I£R 


L Right 


S.R.V 


Shifts the contents of L i 




Rotate 




right a specified nximber of bits, i 
rotating bit 16 into bit 1. 1 


1 IBS 


L Right 


V 


Shifts the contents of L right a I 




Shift 




specified number of bits. i 


1 ms 


L Right 


S,R 


Shifts the contents of A and B right i 




Shift 




a specified number of bits, I 
bypassing bit 1 of B. 1 


1 RL/r 


Rotate 


I 


Rotates the contents of R a specified i 
number of bits in a specified i 
direction. i 


1 SHA 


Arithmetic 


I 


Shifts the contents of R a specified i 




Shift 




number of bits in a specified i 
direction. i 


1 SHL 


Logical 


1 I 


1 Shifts the contents of R a specified i 




1 Shift 




1 number of bits in a specified i 
1 direction. i 


1 SLl 


1 Shift R 


1 I 


1 Shifts the contents of R left i 




1 Left 1 




1 one bit. i 


1 STfi 


1 Shift R 


1 I 


1 Shifts the contents of R left i 




1 Left 2 




1 two bits. 1 
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Table 6-6 (continued) 
S3iift Instructions 



1 Mnem 

1 


Name 


Modes 


1 Description i 


1 SRI 


Shift R 


I 


1 Shifts the contents of R right i 


1 


Right 1 




1 one bit. i 


1 SR2 


Shift R 


I 


1 Shifts the contents of R right i 


1 


Right 2 




1 two bits. 1 


1 SHLl 


Shift r 


I 


1 Shifts the contents of r left i 


1 


Left 1 




one bit. i 


1 SHLZ 


Shift r 


I 


Shifts the contents of r left i 


1 


Left 2 




two bits. 1 


1 SHRl 


Shift r 


I 


Shifts the contents of r right i 


1 


Right 1 




one bit. i 


1 SHR2 


Shift r 


I 


Shifts the contents of r right i 


1 


Right 2 




two bits. 1 



Notes to Table 6-6 

The instructions in Table 6-6 specify three types of shift 
operations. An instruction that performs a logical shift 
treats the data to be shifted as a logical string of bits, 
shifting zeroes into the vacated bits. The CBIT and LINK 
reflect the state of the last bit shifted out. 

An instruction performing an arithmetic shift treats the data 
as a signed number. For a right arithmetic shift, the 
instruction shifts in copies of the sign bit into the vacated 
bits; the CBIT and LINK reflect the state of the last bit 
shifted out. For a left arithmetic shift, the instnictiOTi 
shifts zeroes into the vacated bits. If there is a sign change 
in bit 1 (interpreted as an overflow condition) , an integer 
exception occurs. (See Chapter 10.) 

An instruction that performs a rotate shifts bits out of one 
side of the data word and loads them into vacated bits on the 
other side. The CBIT and LINK contain a copy of the last bit 
rotated. 
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Table 6-7 
Cleaj" Register/Memory Instructions 



1 Mnem i 


Neune i 


Modes 


Description i 


1 GAL 1 


Glear A Left 1 

Byte i 

Gleax A Right i 


S,R,V 


Sets bits 1 to 8 of A to 0. i 


1 GAR 


S.R.V 


Sets bits 9 to 16 of A to 0. I 




Byte 1 






1 GR 


Gleax Register 


I 


Sets the specified register to i 

0. 1 

Resets the contents of A to 0. I 


1 GRA 


Clear A 


S.R.V 


1 GRB 


Gleax B 


S.R.V 


Resets the contents of B to 0. I 


1 GRBL 


Gleax High 


I 


Sets bits 1 to 8 of the i 




Byte 1 Left 




specified register to 0. i 


1 GRBR 


Gleax High 


I 


Sets bits 9 to 16 of the I 




Biyte 1 
Right 
dear E 




specified register to 0. i 

1 


1 GRE 


V 


Resets the contents of E to 0. i 


1 GRHL 


GleaT' Left 


I 


1 Sets bits 1 to 16 of the i 




Halfword 




1 specified register to 0. I 


1 GRHR 


Clear Right 


I 


1 Sets bits 17 to 32 of the I 




Halfword 




1 specified register to 0. i 


1 GRL 


Glear L 


S.R.V 


1 Resets the contents of L to 0. I 


1 GRT,K 


Gleax L and E 


V 


1 Resets the contents of L axd E i 
1 to 0. 1 


1 ZM 


Zero Memory 


I 


1 Resets the 32-bit contents of i 




1 Fnllword 

1 




1 the specified inemory location i 
i to 0. 1 


1 ZMH 


1 Zero Memory 


1 I 


1 Resets the 16-bit contents of i 




1 Halfword 

1 




1 the specified memory location I 
1 to 0. 1 
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Field Operations 

The 50 Series processors support a group of instructions that perform 
field operations. These instructions use the field addi-ess and length 
registers in their manipulations. These registers are ELhbreviated as 
FAR, for field address register, or Flil, for field length register; 
but both are specified in the same 64-bit register shown in Figure 6-2. 

The field address emd length registers overlap the floating 
accumulators as shown in Figures 6-2 and 6-3. The precise format and 
overlap, however, varies from one Prime machine to another. Table 6-8 
lists the field operation instructions. 



Table 6-8 
Field Operation Instructions 



Mnera 


1 Name 


1 Modes 


1 Description i 


ALFA 


1 Add Long 


1 V 


1 Adds the contents of L to the contents i 




1 to FAR 


1 


1 of the specified FAR. i 


ARFA 


Adfi R to 


I 


1 Adds the contents of the specified R i 




FAR 




to the contents of the specified i 
FAR. 1 


EAFA 


EA to FAR 


V,I 


Calculates an effective add3?ess a,Tyi i 
loads it into the specified FAR. i 


LDG 


Load 


V,I 


Calculates an effective address. i 




Character 




Loads the character in the specified i 
field into the addressed location. i 


LFTJ 


Load 


V,I 


Loads an immediate value into the i 




Immediate 




specified Flil. i 




to Flil 






STFA 


Store FAR 


V,I 


Calculates an effective adfiress and i 
stores the contents of the specified i 
FAR into the addressed location. i 


STC 


Store 


V.I 


Stores the contents of a register into i 




Character 




the specified field. i 




into 








Field 






TFI.T, 


Tra.TiRfer 


V 


Transfers the contents of the i 




Long 




specified Flil to L. i 




from Fm 






TLFL 


Transfer 


V 


Transfers the contents of L into the i 




Long to 




specified Flil. i 




FIR 






WLR 


Transfer 


I 


Transfers the contents of the i 




Flil to R 




specified Flil to the specified R. i 


TRHj I 


Tra,TiRfer 


I 


Transfers the contents of the i 




R to Flil 1 




specified R to the specified Flil. i 
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12 3 4 5 



16 17 32 33 36 37 43 44 64 



I I RING I I SEGMENT I OFFSET I BIT I 0000000 I LENGTH I 



1 Bits 


Mnem 


Description 


1 2 to 3 


RING 


Specifies the ring niimber of the field 
address. 


1 5 to 16 


SEGMENT 


Specifies the segment niraiber of the 
1 field address. 


1 17 to 32 


01''i''SJi'i' 


1 Specifies the offset number of the field 
1 address. 


1 33 to 36 


BIT 


1 Specifies the bit number of the field 
1 adciress. 


1 37 to 43 





1 Must be 0. 


1 44 to 64 


T.ENrmr 


1 Specifies 21 bits of field length. 



Format of Field Address and Length Register (FAR, FIR) 

Figure 6-2 



DOUBLE FRECISION FRACTION 



48 49 64 

I EXP I 



Bits 



Mnem 



Description 



1 to 48 



49 to 64 



DOUBLE 

PRECISION 

FRACTION 

EXP 



Specifies the sign aiid magnitude of a 
floating-point number. 



Specifies the exponent of a floating- 



Format of Floating Register (F) 
Fii?ure 6-3 
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FLOATINC^POINT NI3MBERS 

Floating-point numbers aj?e made up of two fields: 

• A frax3tian containing the two's oonvplement valiie of the number 

• An exponent 

Bits 1 to 24 (single precision), bits 1 to 48 (double precision), or 
hits 1 to 48 and bits 65 to 112 (quad precision, not applicable to the 
earlier processors listed on page 1-1) contain the two's complement 
value representing the fraction of the number. Bit 1 Indicates whether 
the number is positive (bit 1 contains 0) or negative (bit 1 contains 
1). The binary point lies between hits 1 aM 2. 

Bits 25 to 32 (single precision) or hits 49 to 64 (double and quad 
precision) contain the exponent of the floating-point number. The 
exponent, in excess 128 form, is the power of 2 that is to multiply the 
fraction. The true value of the exponent is always 128 less than the 
value contained in the exponent field. 

In other words: 

Floating-point Number = (fraction) * (2**(exponent-128)) 

Figure 6^ shows the format of single (SP), double (DP), and quad 
precision (QP) numbers. The ahbreviated names of the SP, DP, and QP 
floating-point accumulators are FAC, DAC, and QAC, respectively. The 
number of floating accumulators for each mode and precision type 
appears in Tahle 6-9. These accumulators are overlapped, sharing the 
same storage. 



Table 6-9 
Number of Floating-point Accumulators 



1 Name 


R Mode 


V Mode 


I Mode 1 


1 FAC 


1 


1 


2 1 


1 DAC 

1 


1 


1 


2 1 


1 QAC 


None 


1 


1 1 
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1 Location i 


Size 1 


Format 








Single 1 
Precision i 

Double 1 
Precision i 

Qiiari 
Precision 

Single 
Precision 

Double 
1 Precision 

1 Quad 

1 Precision 


1 24 


25 32 




1 Memory i 


1 FRACTION 


EXPONENT 1 






1 


48 49 


64 1 


1 Mftraory 1 


1 FRACTION 


1 EXPONENT 


1 1 




1 


48 49 


64 1 


1 Lfemory I 


1 FRACTION 


1 EXPONENT 


1 1 




65 


112 113 


128 1 




1 FRACTION 


1 UNUSED 


1 1 




1 


48 49 


64* 1 


1 Aocuinulator 


1 fractt:on 


1 EXPONENT 


1 1 




1 


48 49 


64 1 


1 Acxjumulator 


1 1 FRMjmON 


1 KXKINENT 


1 1 




1 1 


48 49 


64 


1 Acxjumulator 


1 1 FRACTION 


1 EXPONENT 


1 




1 65 


112 113 


128 




1 1 FRACTION 


1 UNUSED 


1 




' 



The format of the FAG for the earlier systems (listed on page 1-1) 
appears in Appendix B. 

Floating-point Formats 
Figure 6-4 
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Floating Accuirtulators 

In R and V modes, FAC or DAG occupies locations '12 to '13 In the 
current register file set. I mode has two FAC or DAC acoumulators 
lateled atxi 1 that occupy locations '10 to '13. For all modes, QAC 
combines floating accumulators and. 1 into one accumulator occupsdjag 
locations '10 to '13. The high-order fraction hits aai the exponent of 
a quad, precision floating-point number are fouai in DACl in I mode. 

The field, address and length registers overlap the floating-point 
registers. Using FARO, FlilO, and FACO instructions will not modify the 
contents of FACl, FIfil, or FACl, aal vice versa. However, mining FARO 
and EURO instructions with FAOO (321 mode), or combining FARl or Fliil 
instructions with FACl (321 mode or FAC 64V mode), produces variaJble 
results from machine to machine aai attempt to attempt. 

There is no paurticular implied overlap amongst TJ¥R aai STUl 
intructions. Extracting the exponent can best be done with either an 
LDA 6 (address trap) or a DFST T followed by an IDA T+3. 



Floating-point Operations 

In R, V, and I modes, floating-point has instructions that operate from 
memory to register or on a register alone. I mode also has some 
floating-point instructions that operate in a register to register aai 
immediate fashion. Table 6-10 lists all floating-point operations. 
The first letter of a floating-point instruction shows its data type: 

• F for single precision 

• D for double precision 

• Q for quad precision 
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Table 6-10 
Floating-point Instructions 



1 ^fneIn i 


Name i 


Modes 1 


1 FAD, JJ-'AD 1 
1 QFAD 1 
1 FA, DFA, QFA 1 


Floating Add i 


R, 
V 

I 


V 1 


1 FG, DPC, QFC 


Floating Compare i 


I 




1 FCM, DFCM 
1 QPCM 


Floating Complement i 


V, 


V, I 1 

I 1 


1 FCS, DFCS 
1 gFCS 


Floating Compare 
and Skip 


R, 
V 


V 1 


1 FDV, DFDV 

1 QFDV 

1 FD. DFD, QFD 


Floating Divide 


R. 
V 

I 


V 1 


1 FLD, EFLD 

1 QFLD 

1 FL, Dt'L, QFL 


Floating Load 


R, 
V 

I 


V i 


1 FMP, Dt'MP 

1 QFMP 

1 FM, DFM, QFM 


Floating Multiply 


R. 
V 

I 


V 1 


1 FSB, lib'SB 

1 QFSB 

1 FS, DFS, QFS 


1 Floating Subtract 


1 R, 
1 V 

1 I 

1 


V 1 


1 FST, Ulb'ST 


1 Floating Store 


1 

1 R, 


V, I 1 


1 QFST 




1 V, 


I 1 
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Msmipulatlng Floating-point Numbers 

The following topics are pertinent for many operations since they deal 
with some aspect of handling the accumulator results: overflow or 
underflow, normalization, zero, and rouoiing. 

Overflow and Underflow : Overflow occurs when the number of bits Id the 
exponent of a result exceeds the capacity of its destination's 
exponent . Underflow happens when the exponent of a result is too small 
to be represented in a specified register or memory location. For all 
50 Series sjrstems, upon overflow or underflow, the fraction is 
incorrect and the exponent has the incorrect sign. Underflow can be 
distinguished from overflow by checifcLng the sign of the exponent. 

A floating-point exception occurs upon overflow or xmderflow. When 
this happens the processor checks the content of bit 7 of the keys for 
the prescribed action. If bit 7 contains 1, the processor merely sets 
CBIT to 1. If bit 7 contains 0, the processor sets CBIT to 1 and also 
loads the FADER, FOODEH, and FOODEL registers of the user register file 
as described in Chapter 10. 

Because the FAG has a much greater exponent range than the memory 
format, overflow in single precision is detected only when a store 
operation is performed. This situation produces a store exception. 
See Chapter 10 for more information. 

Normalization : All numbers generated by arithmetic floating-point 
operations are normalized by the processor. A number is defined as 
being normalized either when bits 1 and 2 contain different values or 
when the number is a zero with both fraction arxi exponent equal to 
zero. If this is not the case when a result is first generated, the 
processor shifts the fraction to the left and adjusts the exponent 
appropriately until bits 1 and 2 do have different values. 

All systems bat the earlier ones (listed on page 1-1) retain two extra 
least significant bits of precision, called guajd bits , that are 
shifted into the right side of the fraction d-uring the first two left 
bit shifts. If more bit shifts axe needed, the processor shifts in 
zeroes. 

For the earlier systems listed on page 1-1, see Appeodix B for 
information concerning normalization and their guard bits. 

Zero: A proper Prime floating-point zero has every bit reset to zero. 
Any floating-point value, however, that contains a zero fraction (all 
fraction bits reset to zero) is interpreted as a zero value. 
Specifically, non-zero exponents are ignored in all operations when the 
fraction is zero, and. such a value is called a "dirty zero". 
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RquMlng: Table 6-11 lists the prerequisites and procedures for 
rounding. (See Appenrl iy B for rounding on the earlier systems listed 
on page 1-1.) RouMing is done after the result is normalized; 
rouMing in turn may produce a result that needs to be normalized 
again. 



TaJDle 6-11 
Rounding Prerequisites and Procedures* 



Type I Operation I Rounding Description 



SP I Add, 

subtract, 
multiply 



Divide 
Store 



Compare 
aM Skip 



DP I Arithmetic 

operations I 

Others 

QP I Divide 

Others 



In rounding mode (bit 13 of keys is 1) , add 
guard bit 1 to FAG bit 48 and nonnalize. 
FRN may be done in rounding mode and a 
double roui>i will not occur. 

Always rouixis. 49 fraction bits are 
generated for rounding to 48. 

In rounding mode, add 1 to FAG bit 25, 
normaaize result, but leave original FAG 
fraction xmchanged. 

In rounding mode, add 1 to FAG bit 25, 
normalize result, store in temp register 
for conrpare, but do not load back into FAG; 
original FAG fraction left unchanged. 

RoundLng is the same as in SP. 



Rounding never done. 

Always rounds. 97 fraction bits are 
generated for rounding to 96. 

Rounding never done. 



♦See Appeoiix B for rounding on the earlier systems listed on page 1-1. 
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Normalized Versus Uimormalized Operajxis 

Floating-point operations in Prime processors always produce normalized 
results. Hence, an unnormalized number can only enter the sjrstem as an 
external input operand. Instructions assume normalized floating-point 
operands; however, no exception results from unnormalized operands 
apart from those in a divide. To ensure accurate floating-point 
results, use normalized numbers. 

There are several wa3^ of obtaining normalized numbers. PAD, DFAD, or 
QFAD instructions normalize an unnormalized memory argument when the 
other value is a floating-point zero (defined as having both fraction 
and exponent equal to zero). The instruction sequence DFLD, DFCM, and 
DFCM also normalizes an operand. Data conversion instructions FIJOT, 
FLT, FLTA, and FLTH convert integers to normalized floating-point 
n\ambers. Lastly, standard Prime compilers and assemblers produce 
normalized constants. 

Floating-point branch, skip, and logicize (logical test) instructions 
work correctly on normalized or nearly normalized numbers because these 
instructions check the first 32 fraction bits only for equal to zero 
and less than zero. (A normalized number has different values for bits 
1 and 2; in a nearly normalized n-umber as defined here, at least one 
of the examined bits has a different value from the rest, for a 
positive value. ) 

When floating-point instructions are performed on unnormalized numbers, 
the following guarantees apply. The instructions do not hang or 
cieviate from the processor's normal flow of control. Add, subtract, 
complement, and compaxe and skip instructions produce approxinnately 
correct answers. Bit for bit identical values will compare equal or 
subtract to zero by using either a subtract instruction, or a 
complement instruction that is followed by an add. All floating load 
and store instructions copy 32-bit, 64-bit, or 128-bit quantities from 
place to place as appropriate without faulting or normalizing unless 
single precision is used and rounding mode is enabled. Because single 
precision roundi n g mode rounds and normalizes on a compare and store, 
the single piecision numbers will alwaj^ be normalized before a store, 
causing a bit pattern change. 

Using unnormalized numbers for some floating-point operations causes 
problems in the following cases. Compare and skip instructions fail on 
machines that look first at the sign, then the exponent, and finally 
the fraction for possible inequality. Divide produces indeterminate 
results on all processors but the earlier ones (listed on page 1-1) 
when confronted with unnormalized numbers. Accuracy loss is probable 
for all other operations on all other systems. 
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Progreunming Notes : FCRTEIAN 66 programmers often use floating-point to 
store charax3ter strings. To the processor, these chaxacter strings are 
unnormalized floating-point values. REAL* 8 values work for copy and 
identity comparison operations, but nake sorted ordering impossible. 
REAL*4 values work in a similar fashion if rounding mode is not 
enabled. For storing character strings, use INTBGER*4 since they work 
faster and permit sorting. 



Floating-point Accuracy aM Precision 

For the earlier systems listed on page 1-1, see Appendix B for 
discussions and tables concerning their floating-point accuracy and 
precision. 

Table 6-12 shows the accuracy of floating-point arithmetic instructions 
as performed on normalized numbers. The ntimber of guard bits preserved 
need be no greater than two to simulate infinite precision if 
normalized numbers are \ised and the algorithm is carefully designed. 

The values in Table 6-12 refer to the number of fraction bits 
guaranteed to be accurate for the indicated processor. This number 
includes the sign bit because the fraction represents a two's 
complement valvie. Other manuals may emulate a sign-magnitude 
representation in statements about accuracy. A sign-magnitude 
representation requires a 1 to be subtracted from all entries in this 
table. Worst case normalization is included in all results. The 
accuracy of an infinite precision result lies closer to the number 
indicated than to either of its neighboring representations. 

Table 6-13 shows floating-point precision for all 50 Series sj^ems 
when performed with normalized numbers. The degree of floating-point 
precision and accuracy varies among these systems due to their 
differences in implement ion, as discussed in the following paragraphs. 

The fraction valiies in Table 6-13 refer to the number of fraction bits 
for the Indicated processor. This number includes the sign bit because 
the fraction represents a two's complement value; other manuals may 
emulate a sign-magnitude representation. A sign-magnitude 
representation requires a 1 to be subtracted from all fraction entries 
in this table. 
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TEdale 6-12 
Floating-point Instruction Aocuracy 



Instruction 


1 Accuracy I 


FAD 


1 48+# 1 


DFAD 


1 48+# 1 


FSB 


48+# 1 


DFSB 


48+# 1 


FMP 


48+# 1 


DFMP 


48+# 1 


FDV 


48+* 1 


Db'LV 


48+* 1 


QFAD 


96 1 


QFSB 1 


96 1 


QFMP 1 


96 1 


QFDV 1 


96 1 



Notes to Taible 6-12 
+ means 2 extra guard bits are used. 

# means rounding mode can be used. 

* means rounding is always perfoiraed. 

See Appendix B for the earlier S37Stems listed on page 1-1, 
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Table 6-13 
Floating-point Precision 



1 structure i 


Precision i 


i Fraction Bits: 




1 Memory 


24/48/96 1 


1 Accuinulator 


48/48/96 1 


1 Exponent Bits: 




1 Memory 


8/16/16 1 


1 Accuinulator 


16/16/16 1 


1 Giia,Td Bits 


2 for all, excepting i 




quad 1 


1 Rounds 


For divide regardless i 


1 Automatically 


of motifi or precision, i 




For rest of SP or DP I 




instructions in I 




rounding mode only. i 



Notes to Table 6-13 

The nuiiiber of fraction and exponent bits is shovm in SP/DP/QP 
form. 

See Appendix B for the earlier sjrstems listed on page 1-1. 
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The following disussicm applies only for the 2350 to 9955 II. For the 
earlier processors listed on page 1-1, see Appendix B. 

All SP and DP axithmetio operations generate at least 48 fraotion bits 
plus two guard bits to safeguard accuracy during normalization. If 
more than two bit shifts are needed during normalization, the processor 
shifts in zeroes. After normalization, the processor rouixls if in 
rounding mode (as explained in Table 6-13), aoi then renormalizes the 
result. 

To store the number in SP memory while in non-rouMing mode, the 
processor truncates the result to 24 hits. In roui>±Lng mode, the 
processor rounds the stored value to S4 bits. 

Quad precision divide instructions generate 97 fraction bits for 
rounding to 96. All other operations produce 96 fraction bits of 
fraction; guard bits are not used. 

The quad floating point accumulator and memory is 128 bits long. Bits 
1 to 112 of this are used for calculations. Bits 113 to 128 are unused 
but are subject to the following restrictions. QFLD loads bits 1 to 
112 into QAC and zeroes QAC bits 113 to 128, or QFLD loads 128 bits 
into QAC. QFID followed by QFST does not reliably copy 128 bits of 
data. All arithmetic operations zero bits 113 to 128 on completion. 



Ctonverting Datatypes 

Several 50 Series ss^stem instructions convert floating-point niunbers to 
integers and vice versa. Table 6-14 lists these instructions and gives 
a brief description of each. 
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Table 6-14 
Conversion Instructions 



Mnem i Name 



Modes I Description 



DELE 



ERN 



ERNM 



ERNP 



ERNZ 



FCDQ 



FEBL 



FIOT 



FLT 



■BT.TA 



FLTH 



Convert 

Single to 

Double 
Double Round 

from Quad 

Double Round 
from Quad 
to Minus 
Infinity 

Double Round 
from Quad 
to PItos 
Infinity 

Double Round 
from Quad 
to Zero 

Floating 
Convert 
Double 
to Quad 

Floating 
Point 
Convert 
Single to 
Double 

Convert 
Integer to 
Floating 
Point 

Convert 
Integer to 
Floating 
Point 

Convert 
Integer to 
Floating 
Point 

Convert 
Halfword 
Integer to 
Floating 
Point 



Integer to 
Floating 
I Point 



i I 1 


1 V,I 1 


1 V.I 1 


1 V.I 1 


1 V,I 1 


1 V.I 1 


1 R,V 1 


1 R 1 


1 I 1 


! V 1 


1 I 1 


1 V 1 



Converts the single precision 
floating-point niomber to a double 
precision floating-point number. 

Converts a quad precision floating- 
point accumulator value to a double 
precision floating-point number. 

Converts a quad precision floating- 
point accumulator valioe to a double 
precision floating-point number. 

Converts a quad precision floating- 
point accumulator value to a double 
precision floating-point number. 

Converts a quad precision floating- 
point accumulator valxoe to a double 
precision floating-point number. 

Converts a double precision floating- 
point accumulator number to a quad 
precision floating-point number. 

Converts a single precision floating- 
point accumulator number to a 
dotible precision floating-point 
number. 

Converts the 31-bit contents of A and 
B to a normalized floating-point 
nvimber and stores the 31-bit result 
in the floating accumulator. 

Converts the contents of the specified 
R to a normalized floating-point 
number aixi stores the result in the 
floating accumulator. 

Converts the 16-bit contents of A to 
normalized floating-point number 
and stores the result in the 
floating accumulator. 

Converts the 16-bit integer contained 
in the specified r to a normalized 
floating-point nuniber and stores it 
in the floating accumulator. 



!T7Q-r>4-o ■t-Vio r^c?— ViT +: f^oTitents of L to 
a floating-point number and stores 
the result in the floating 
accumulator. 
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Table 6-14 (continued) 






Conversion Instructions 


1 Mnfim 


1 Name 


1 Modes 


1 Description i 


1 FRN 


1 Floating 


1 R.V.I 


1 Rounds the fraction of a floating- i 




1 ROllTXi 




1 point accumulator number to thfi I 
1 nearest 24-bit fraction. i 


1 FRNM 


1 Floating 


1 V,I 


1 Converts a double precision floating- i 




1 Round from 




1 point axx3umulator value to a single i 




1 DP to Minus 




1 floati.ng-polnt number. i 




1 Infinity 






1 FRNP 


1 Floating 


1 V.I 


1 Converts a double precision floating- I 




1 Rou.nd from 




1 point accumulator value to a single i 




1 DP to Plus 
1 Infinity 
1 Floating 




1 precision floating-point number. i 


1 FRNZ 


1 V,I 


Converts a double precision floating- I 




1 Round from 




point accumulator value to a single I 




1 DP to Zero 




precision floating-point nuEiber. i 


1 IMT 


1 Convert 


1 R 


Converts the DP number in a floating I 




Floating 




axxjumulator to a 31-bit integer a,TYi I 




Point to 




stores it in A eund B. i 




Integer 






1 HPT 


Convert 


I 


Converts the DP number in a floating I 




Floati ng 




accumulator to a 32-bit integer I 


1 


Point to 




and stores it in GB2. i 




Integer 






1 INTA 


Convert 


V 


Converts the DP number in a floating I 




Floating 




accumulator to a 16-blt Integer aoi I 




Point to 




stores it in A. i 




Integer 






1 INTH 


Convert 


I 


Converts the DP number in a floating I 




Floating 




accumulator to a 16-bit integer a.rrl i 




Point to 




stores it in r. i 




Halfword 








Integer 






1 DJTL 1 


Convert 


V 1 


Converts the DP number in the floating 1 




Floating 1 




accumulator to a 32-blt number aixi I 




Point to 1 




stores it in L. i 




Long 1 








Integer i 






1 QINQ 1 


Floating 1 


V.I 1 


Converts the truncated integer I 




Convert i 




portion of the floating-point I 




Integer to i 




accumulator to a quart precision I 




Qiiari 1 




floating-point ntraiber. i 


1 QI<^ 1 


Floating 1 


V.I 1 


Converts the rounded Integer portion I 




Convert i 




of the floating-point accumulator i 




Integer i 




to a quad precision floating-point i 




to QitFUfl 1 




number. i 




Rounried i 
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DECIMAL DATA 



Decimal data can be represented in packed or unpacked forms. 



Unpacked Decimal 

There are four forms of xmpacked decimal numbers, as shown in Figure 
6-5. In this figure. A iixHcates the ASCII-8 bit that is determiiied by 
bit 12 of the keys. (The keys 8u?e discussed in Chapter 5.) 



Type 



Leading 
Sign, 
not 
embedded 

Trailing 
Sign, 
not 
embedded 

Leading 
Sign, 

embedded 



Trailing 

Sign. 

embedded 



Format 



Exairtple 



First byte 
contains sign 
only. 



Last byte 
contains sign 
only. 



First byte 
contains sign 
and first 
digit. 

Last byte 
contains sign 
and last 
digit. 



AOlOlOll I AOllOOll I AOllOOOO I AOllOlOl 



1 



AOllOOlO ! AOllOllO I AOl 10001 1 AOlOllOl 



6 



AOllOllO 1 AOllOllO I AOlllOOl I AOlllOOl 



+6 (6)1 6 I 



AOllOlOO I AOllOllO I AOlllOOO I AlOOlOlO 
4 I 6 



8 I -1 (J) 



Unpacked Decimal Formats 
Figvire 6-5 



In the first two cases listed in Figure 6-5, a plus sign represents a 
positive number, and a minus sign a negative n-umber. You can use a 
space Ghaj-acter to represent a positive sign, and the processor will 
interpret it correctly. Numerical operations, however, cannot produxse 
positive numbers that contain a space character. 



r.7V»/^T»£i ■t'VlQ 



— — 6-- 



IS 



eMiedded, a single character 
represents the appropriate sign and digit. Table 6-15 shovre the 
characters that you use to represent sign/digit combinations. 
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Table 6-15 
Sign/Digit Representations for Unpaciked Decimal 



Digit 


Positive 


Rep. 


Negative Rep. i 





0. 


spaoe 


+ , { 


}, - 1 


1 


1. 


A 




J 1 


2 


2, 


B 




K 1 


3 


3, 


C 




L 1 


4 


4, 


D 




H 1 


5 


5, 


E 




N 1 


6 


6, 


F 




1 


7 


7, 


G 




P 1 


8 


8, 


H 




q 1 


9 


9, 


I 




R 1 



There are several multiple representations listed gLbove. The processor 
recognizes all of the representations, but it generates only the first 
character as the resvilt of an operation. For example, the processor 
will generate a } to represent a negative zero with embedded sign. 



Packed Decimal 

The fifth way to represent decimal numbers is called packed decimal. A 
number in this form uses tawc bits to represent each digit in the 
number; the last four bits of the number represent the sign. (Packed 
decimal numbers axe always in trailing sign format.) A decimal number 
must contain an odd number of digits (excluding the sign digit). It 
must also begin on a tyte bovmdary. 

The sign digit of a decimal result contains a hex C if the sign is 
positive or a hex D if it is negative. The processor interprets the 
sign digits of a decimal operand as positive if it contains anjrthing 
other than a hex C or D. 
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Ctontrol Word Format 



Unlike the instructions already listed in this chapter, decimal 
axithmetic instructions require more information to execute than th^ 
can contain. They require a control word to specify the 
characteristics of the operations to be performed. When a decimal 
instruction is executing in V mode, L contains a copy of the control 
word; in I mode. General Register 2 contains the copy. Figure 6-6 
shows the format of the control word. Within this figure, Fl and F2 
stand for field 1 and field 2, respectively. 



1 6 7 8 9 10 11 12 13 14 16 17 22 23 29 30 32 

I A lUlBlClUlTlDIElF IG I HI 



1 Field 


Bits 




Contents or Meaning 




1 A 


1 


to 6 


Number (0 to '77) of digits in Fl 




1 U 


7 


to 


8 


Unused; must be zero 




1 B 




9 




Sign of Fl: 
B=l: Sign of Fl is inverse of specified 
0: sign of Fl is as specified 


value 1 


1 C 




10 




Sign of F2: 
C=l: Sign of F2 is inverse of specified 
0: sign of F2 is as specified 


value 1 


1 U 




11 




Unused; must be zero 




1 T 




12 




Sign of result: 
T=l: result is forced positive 

0: instruction operation dictates the 


sign 1 


1 B 




13 




Round flag (used only by XMV) 




1 E 


14 


to 


16 


Decimal data type of Fl 




1 F 


17 


to 


22 


Number (0 to '77) of digits in F2 




1 G 


23 to 29 


Scale differential 




1 H 


30 to 


32 


Decimal data type of F2 





Decimal Control Word Format 
Figure 6-6 
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Most of the fields axe self-explanatory. Fields D, E, G, H, and T, 
however, merit extra discussion. 

Field D is used only by the XMV instruction. This field tells the 
processor whether to roimd the decimal number in Fl or not. If D 
contains a 0, no rounding occurs. If D contains 1 aM the scale 
differential, the G field, is positive, rounding is performed. The 
rounding is accomplished by adding a 1 to the (scaled) results field if 
the last digit scaled over is 5 or greater when XMV moves the contents 
of Fl into F2. 

Ctontrol word fields E and H specify the decimal data types of the 
operands. Table 6-16 lists the available data types aijd the codes used 
to represent them in the control word fields. 





Table 6-16 


Decijnal Data Types 


1 Code 


Decimal Data Type i 


1 


Leading separate i 


1 1 


Trailing separate i 


1 3 


Packed decijnal i 


1 4 


I/eading embedded i 


1 5 


Traning embedded i 



Control word field G specifies the scale differential. 

For MD. XCM, and XMV, G specifies the difference in magnitude between 
the operators of an instruction. This field contains a 7-bit, two's 
coKvplement number with the value: 

Fx = magnitude(Fl) - magnit\jde(F2) . 

If Fx is positive, then Fl imist be shifted rig^it so that it aligns with 
F2; if negative, Fl must be shifted left to be aligned with F2. 

For example, suppose Fl contains 999V99, and F2 contains 999. The 
scale differential for these operands would be +2, since Fl must be 
shifted to the right two digits to align with F2. 

For XMP, the scale differential is the length of the multiplicand. 
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The T bit is used by the decljnal instructions XAD, XDV, XMP, and XMV. 
For all these instructions, results are forced positive if the T bit 
contains 1. 

The descriptions of the decimal instructions (see the Instruction Sets 
Guide ) list the control word fields required for instruction execution. 
Any unused fields must contain 2eroes for proper execution to occur. 



Decimal Operations 

Decimal results are correct for all the digits shown in the result 
field. The processor calculates the result to all its bits of 
precision, then loads as many as can fit into the result field. If the 
portion stored does not contain the most significant bits of the 
result, an overflow occurs that catises a decimal exception. (See 
Qiapter 10.) 



Register Use 

In general, all decimal instructions use GEIO, GRl, GBZ, GR4, and GS6 in 
both V and I modes. On the 6350 and 9750 to 9955 11^ all decimal 
instructions use L (GR2 in I mode), FARO, and FARl. XDTB and XBTD do 
not use FARl, but also use GR4. 

Table 6-17 lists the decimal instructions. 
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Table 6-17 
Decdjnal Ii^tructions 



Mnem i Name 



I Modes I Description 



XAD 



XMV 



XGM 



XMP 



XDV 



XBTD 



xnro 



XED 



Decinal Add 



Decimal 
Move 

Decimal 
Compare 



Decljnal 
Multiply 



Decimal 
Divide 



Binary to 
Decimal 
Conversion 



Decimal to 
Binary 
Conversion 

Decimal 
Edit 



1 V.I 1 


1 V,I 1 


1 V.I 1 


1 V.I 1 


1 V.I 1 


1 V.I 1 


1 V,I 1 


1 V,I 1 



Adds the contents of two decimal 
fields together and stores the 
result in the destination field. 

Moves the contents of the source 
field into the destination field. 

Compares the contents of the source 
and destination fields and sets 
the condition codes depending 
on the outcome of the compare. 

Multiplies the contents of the source 
and destination fields aM stores the 
result in the destination field. 

Divides the contents of the destination 
field by the contents of the soiirce 
field and stores the result arxi the 
remainder in the destination field. 

Converts a binary number contained in a 
register to a decimal number aai 
stores the result in a memory 
location. 

Converts a decimal niunber in memory to 
a binary n-umber and stores the 
result in a register. 

Edits a decimal string under control 
of an edit subprogram. 
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CHARACTER STRINGS 



Character strings are made up of bytes, with each byte representing one 
ASCII character. A character string can contain from 1 to 2**17 bytes. 
Table 6-18 lists the character instructions. 



Table 6-18 
Character Instructions 



1 Mnem 


Naite 1 


Modes 1 


Description i 


1 UX) 


Load 
Character 


V.I 


Calculates an effective address. Loads i 
the Gha,Tacter in the specified field I 
into bits 9 to 16 of a register. i 
Cleaxs bits 1 to 8. i 


1 STC 


Store 
Character 


V.I 


Stores the contents of bits 9 to 16 i 
of A into the specified field. i 


1 ZGM 


Compare 
Character 
Fields 


V.I 


Compares two character fields and sets i 
the condition codes depending on the i 
outcome of the compare. i 


1 7m 


Fdit 
Character 
Fields 


V,I 


Moves characters from one field to i 
another under control of an edit i 
subprogram. i 


1 ZFIL 


Fin Field 


V,I 


Stores a chaxacter into each i 
byte of the specified field. i 


1 ZMV 


Move 
Characters 


V.I 


Moves characters from one field to I 
another. i 


1 ZM7D 


Move Equal 
length 


V.I 


Moves cha.racters from one field to i 
another of equal length. i 


1 ZTRN 


Translate 
Character 
Field 


V.I 


Uses one field to reference a i 
1 translation table and construct a I 
1 second field. i 
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The Z-prefix chaxacter instructions (that is, all character 
instructions except LDC ajxi STC) move data in the source string 
starting from the lowest addressed byte (ascending order). ZED and 
Zim move one byte at a time; ZGM, ZFIL, ZMV, and ZMVD always move 
f o\ir bytes at a time (unless there are fewer than six bytes to move and 
the source and destination are not aligned). 

The Z-prefix character instructions may produce unexpected results if 
the source and destination strings overlap. For example, suppose ZMV 
is to move the contents of a large source string into a destination 
string. Figure 6-7 shows how the source and destination strings 
overlap; S represents the first iyte in the source string (labelled 6) 
and D represents the first tyte in the destination string (labelled 1). 

After ZMV moves the first four characters, the strings are as shown in 
the second part of Figure 6-7. The last part shows how the second move 
affects the string. The third and subsequent moves would work in the 
same way. In this case ZMV simply moves all characters in the source 
string into the destination string straightforwardly, without 
deviation. 



1 2 3 4 5 6 7 8 9 10 11 12 13 

Strings 

lAiBlClDiElFiGiHiIiJiKlLlMi before 
move 

D S 

1 2 3 4 5 6 7 8 9 10 11 12 13 

After 

IFIGIHIIIEIFIGIHIIIJIKILIMI first 



move 



D S 

1 2 3 4 5 6 7 8 9 10 11 12 13 

^.f-er 

FIGIHIIIJIKILIMIIIJIKILIMI second 
move 

D S 



Overlapping String Manipulation 
Figure 6-7 
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Suppose, however, that the starting addresses of the two strings are 
switched. The first five bytes in the source string will be correctly 
moved, but the rest of the string will have been oveivritten by copies 
of the first five bytes. These same five characters will propagate 
through the rest of the destination string, as shown in Figure 6-8. 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


i A 


B 


C 


D 


E 


F 


G 


H 


I 


i J 


1 K 


1 L 1 



Strings 

before 

move 



S D 

123456789 10 11 12 

After 

lAlBlClDIElAlBlClDIJIKlLI first 
move 

S D 

1 2 3 4 5 6 7 8 9 10 11 12 

After 

lAIBlClDlElAlBlClDIElAlBI second 



move 



D 



String Manipulation 
Figure 6-8 



While the move shown in Figure 6-8 is useful, it may not be the action 
that was intended. Overlapping strings produce arbitrarily different 
resijlts for each Prime machine. For this rea^son, avoid using 
overlapping strings in any situation. 
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QUEUES 

A quelle is a fixed length, double-ended, circjular word buffer. Figure 
6-9 shows the format of a typical c[ueue with wrapped aM unwrapped 
data. 



QUEUE DATA BUXK, DATA NOT WRAPPED 



<-- Origin = M*2**K 



TOP— > 



BOTTOM— > 




Length = 2**K 



V 
<— End = CM+1)*2**K-1 



QUEUE DATA BLOCK, DATA WRAPPED 

<— Origin = M*2**K 



BOTTOM— > 



TOP— > 




Length = 2**K 



I 
I 

V 
<— End = (M+1)*2**K-1 



Queues With Wrapped and Unwrapped Data 
Figure 6-9 



QCBs 

Each, queue in the system is controlled by a queue control block (QCB) . 
This QCB cont8Lins information about the queue's size and location in 
memory, as well as data used to manipulate the elements. In addition, 
the QCB defines the queue's type. If the value of the QCB's V bit is 
0, then the QCB contains physical axMresses and the associated queue is 
called a physical queue . These types of queues are the only ones used 
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for U/SQ operations. If the value of the QCB's V bit is 1, then the QCB 
contains a virtual segment n\;miber aiid. offset rather than a physical 
address, and the queue is called a virtual queue . Queues of this tjrpe 
axe never used for I/O operations. 

Try to align QGBs on e-byte boundaries. UQ operations (discussed in 
Chapter 11) require this alignment. For prograjm queue manipulation via 
the queue instructions, alignment is not necessary but does produce 
faster queue operations. 

Figure 6-10 Shows the format of the QCB. 



1 I 
17 I 
33 I 
49 I 



V I 000 



TOP POINTER I 16 

BJTKM POINTER I 32 

I HIGH ORDER ADDRESS I 48 

SIZE MASK I 64 



1 Bits 




Naire 


Description 


1 1 to 


16 


Top Pointer 


Points to first filled location 
(the head) in the queue. 


i 17 to 


32 


Bottom 
Pointer 


Points to one past the last filled 
location (the tail) in the queue. 


1 33 




V 


Virtua,! /physical control bit : 

= physical queue, 

1 = virtual queue. 


1 34 to 


36 




Reserved; must be 0. 


1 37 to 


48 


High Order 
Address 


High order queue address (if V = 0) 
or segment number (if V = 1). 



I'iCUOA. , V CUi-U.^^ 






Figure 6-10 
Format of the QCB 



V?hen addressing a QCB, the ring number in the reference specifies the 
access privileges that will govern tlie reference. Physical queues caxi 
only be accessed from Ring 0. 
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Queue Specifioations 

A queue must be 2**K words long, where K is an integer between 4 and 16 
inclusive. In addition, the queue's starting address nrust be M(2**K), 
where M is an integer value. These restrictions allow the firmware to 
easily identify and locate a queue. Two queues in the system do not 
have to have the same K in common. 

The 50 Series processors use a mask word to add elements to or delete 
elements from a queue. This mask specifies the size of the queue, and 
is 16 bits wide. The least significant K bits contain 1 and all other 
bits contain 0. This means that the numerical valxie of the mask is 
(2**K)-1. Figure 6-11 contains an example of calculating a mask. 



Suppose K = 5. 

mask = CXDOOOOOOOOOlllll 
= '37 

= 31 decimal 
= (2**5)-l, QED. 



Calculating a Mask 
Figure 6-11 



The mask also makes it easy to determine the starting and ending 
addresses of the queiie. If P is a pointer to some location within a 
queue, the address of the queue's origin is: 

origin = P AMD (NOT mask) 

and the address of the queue's last location is: 

end = P CR mask. 

Figure 6-12 contains an example of calculating the starting and ending 
addresses of a queue. 
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Suppose K = 5, P = '204, emd M = 4. 

mask = '37 aai queue length = 2**5 = '37. 

origin = '204 AND (NOT '37) 

= 10000100 AND 1111111111100000 

= 10000000 

= '200 

= 128 decimal 

= 4(2**5), QED. 

end = '204 CR '37 

= 10000100 CR 11111 

= 10011111 

= '237 

= queue origin + queue length 

= '200 + '37, QED. 



Calculating the Origin and End of a Queue 
Figure 6-12 



Queiies operate under one final restriction. They aie defined to be 
empty when the contents of the top pointer equal the contents of the 
bottom pointer. This means that the maximum number of elements in a 
queue is (2**K)-1. 



Queue Algorithms 

The 50 Series processors use four algorithms to insert or delete queue 
elements (depending on the specified operation). Table 6-19 shows the 
algorithms used for specific operations. The symbols Tl to T5 
represent temporary storage registers. 
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Table 6-19 
Quetie Algorithms 



1 Inst 


1 Algorithm I 


1 RT(5 


1 Tl <- TOP 1 


1 a,TKi 


1 T2 <- BUfi'lUM 1 


1 UQ 


1 If Tl = T2 then A <- i 


1 Output 


1 nn <- BQ 1 


1 (I/O) 


1 else T6 <- SEGMENT i 




1 T4 <- MASK 1 




1 A <- (SEGMENT 1 Tl) (16 bits) 1 




1 TOP <- Tl AND NOT T4 OR (Tl + 1) AND T4 1 


1 AR? 


Tl <- TOP 1 


1 and 


T2 <- BOTTOM 1 


1 DMQ 


T3 <- SEC3IENT 1 


1 Input 


T4 <- MASK 1 


1 (I/O) 


T5 <- T2 AND NUT T4 CR (T2 + 1) AND T4 i 




If Tl = T5 then 00 <- EQ i 




else location( SEGMENT i T2) <- A i 




BOTTOM <- T5 i 


1 Aiq 


Tl <- TOP 1 




T2 <- BOnXM 1 




T3 <- SEGMENT 1 




T4 <- MASK 1 




Tl <- Tl AND Ntrr T4 OR (Tl - 1) AND T4 i 




If Tl = T2 then 00 <- EQ i 




else looation(SB(3yENT i Tl) <- A i 




TOP <- Tl 1 


1 RBQ 1 


Tl <- TOP 1 




T2 <- Bonoi 1 




If Tl = T2 then A <- i 




00 <- EQ 1 




else T3 <- SEGMENT I 




T4 <- MARK, 1 




T2 <- T2 AND NOT T4 OR (T2 - 1) AND T4 1 




A <- (SEGMENT 1 T2) (16 bits) 1 




BOTTOM <- T2 1 
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The instructions provided, for programmed queue manipulation are shovm 
in Teible 6-20. The pointer in the instructions references the QCB for 
that queue. An RTQ instruction is equivalent to a EM} output 
operation, ard an AB} is equivalent to a EM^ input, as noted in Chapter 
11, INPUT-OUTPUT. 



Table 6-20 
Queue Instructions 



Mnem i Name 



I Description 



RTQ 
and 
EM) 

RBQ 



ABQ 
and 
EM) 

ATQ 



TSTQ 



Remove from 
Top of Queue 



Remove from 
Bottom of 
Queue 

Add to the 
Bottom of 
Queue 

Add to the 
Top of Que\ie 



Test Queue 



Removes a 16-bit quantity from the 
top of a queue and places it in 
r (I mode) or A (other modes) 

Removes a 16-bit quantity from the 
bottom of a queue and places it 
in r (I mode) or A (other modes). 

Adds the contents of r (I mode) or 
A (other modes) to the bottom of 
the specified queue. 

Adds the contents of r (I mode) or 
A (other modes) to the top of 
the specified quevie. 

Sets r (I mode) or A (other modes) 
to the number of items in a 
specified queue and sets the 
condition codes depending on the 
new value of r or A. 



SUMMARY OF DATATYPES AND APPLICABLE INSTRUCTIONS 

I^Lbles 6-2-1 aM 6-25. suiranarize the different datatypes and list the 
various operations available. The body of each table shows which 
instructions perform a specific operation on a specific datatype. For 
detailed information about each instruction, refer to the instruction 
dictionaries in the Instruction Sets Guide . 

In Table 6-21, the variable aa represents the set of arithmetic 
conditions [ BQ, GE, GT, IE, LT, NE ]. Also, Tables 6-21 and 6-22 do 
not include instructions that operate on CHIT. LINK, the condition 



Second Edition 



6-46 



DATATYPES 



Table 6-21 
Datatypes Summary and Instructions In S, R, axxi V Modes 



1 Operation 


1 
1 


Size of 


Datatype (in Bits) 






1 16 
1 (A) 


1 31 
1 (A/B) 


1 32 

1 (L) 


1 64 I32FP 
1 (L/E) 1 (FAC) 


I64FP 
l(DAC) 


I128FP 
KQAC) 


D8CI 
(-)l 


1 Load from memory 


1 LDA 

1 


1 nn 


1 T,nr. 


1 1 FLD 


1 LIt'iB 


1 QFID 


XMVI 


1 Store to iremory 


1 

1 STA 

1 


1 DST 


1 STL 


1 1 FST 


1 DFST 


1 QFST 


1 
1 

1 


1 Mr\ 


1 ALL) 

1 


1 DAD 


1 ATTT, 


1 1 FAD 


1 Dl-'AD 


QPAD 


1 

XADI 


1 Subtrax3t 


1 

1 SUB 


1 DSB 


1 RBT, 


1 1 FSB 


1 DFSB 


1 QFSB 


XADI 


1 Multiply 


1 MPY 




1 MPL 


1 FMP 


1 Dt'MP 


QFMP 


XMPI 


1 Divide 


DIV 




DVL 


1 FD7 


Db'UV 


QPDV 


liN\ 


1 Increment 


IRS, 
AlA, 
A2A 














1 Decrement 


SIA, 
R?A 






1 








1 AND 


ANA 




ANL 










1 CR 


ORA 














1 XCK 


ERA 




EBL 










1 Complement 


CMA 














1 Compare i 


CAS.I 
GAZ 1 




CLE 1 


1 PCS 


DFCSI 


QFXDSI 


XGMI 


1 Logical test i 


laa 1 




TiTflai 


1 LFaai 


LFaai 






1 Branch i 


Baa 1 




KTflai 


1 Ht'aai 


Ht'aai 






1 Logical left shift i 


ALL 1 




T.LTi 1 










1 Logical right shift I 


ARL 1 




lEL 1 










1 Arithmetic left shift I 


ALS 1 


TiT.S 1 


T.Tf5 1 










1 Arithmetic right i 
1 shift 1 


ARS 1 


IBS 1 


ms 1 










1 Rotate left shift i 


AIR 1 




T,TR 1 
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Table 6-21 (continued) 
Datatypes Surameay emd Instructions in S, R, aiid V Modes 



1 Operation i 




Size of Datatype (in Bits) i 


16 1 
(A) 1 


31 1 
(A/B) 1 


32 1 64 I32FP I64FP I128FPI Decl 
(L) 1 (L/E) 1 (FAC) 1 (DAC) 1 (QftC) i (-)l 


1 Rotate right shift i 


APR 1 




IRR 1 1 1 1 II 

1 1 1 i 1 1 


1 Clear i 


CRA 1 


CRL 1 


1 1 1 1 ' 1 

CRL iCEJiK 1 1 1 1 1 

1 1 t 1 1 1 


1 Clfta.r left i 


GAL 1 


CRA 1 


1 1 1 1 1 ' 

CRA 1 CRL 1 1 1 1 1 

1 1 1 1 1 1 


1 Cleax right i 


CAR 1 


CRB 1 


1 1 1 1 ' ' 

CRB 1 CRE 1 1 1 1 1 

1 1 1 1 1 1 


1 Interchange halves i 


ICA 1 


lAB 1 


till'' 
lAB 1 TT.K 1 1 1 1 1 

1 1 1 1 1 1 


1 Interchange and I 
1 clear left i 


ICL 


XGA 1 


XGA 1 1 1 1 II 
1 1 1 1 1 1 
1 1 1 1 1 1 


i Interchange and 
1 clear right 


ICR 


XCB 


1 1 1 1 ' ' 
XCB 1 1 1 1 1 1 

1 1 1 1 1 1 
1 1 1 1 1 1 


1 Two's complement 


TGA 




TCr, 1 i FGM 1 DFCMl C?PCMI 1 
1 1 1 1 1 1 


1 Set sign 


SSM 


SSM 


1 1 1 > • 

SSM 

1 1 1 1 1 1 


1 Clear sign 


SSP 


SSP 


1 1 1 1 ' ' 

SSP i 1 1 i i i 

1 1 t 1 1 1 


1 Change sign 


CHS 




! 1 1 ' ' ' 

CHS 1 1 1 1 II 

1 1 1 1 1 1 


1 Convert datatypes: 






1 1 1 1 1 1 
1 1 1 1 1 1 


1 Integer to 
1 floating point 


FLTA 


FLOT 


1 FLTLI 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 


1 Floating point 
1 to integer 


1 INTA 


1 INT 


1 111'"' 

1 nmji 1 1 1 QiM?i 1 

1 1 1 1 1 QIQRl 1 

1 1 1 1 1 1 1 


i Bina,Ty to decimal 


i XBTD 




III!''' 

1 XBTDI Xyi'Dl 1 ! ! ! 
1 1 1 1 1 1 1 


1 Decimal to binary 


1 XUi'B 




1 III'"' 

1 xurBi xirrBi i i i i 

1 1 1 1 1 1 1 


1 Position for integer 
1 divide 


1 PIDA 


1 PID 


1 PIDLI PiLliI 1 1 1 1 

1 1 1 1 1 1 1 
1 1 1 1 1 1 1 


1 Position after 
1 multiply 


1 PIMA 


1 PIM 


1 I t i I • ' 
1 PIMLI PIMLI 1 1 1 1 
1 1 1 1 1 1 1 

< 1 1 1 1 

i 1 i 1 1 > ■ 


i Ski.ps 


1 Saa 




1 1 1 FSaai FSaai i i 
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Table 6-22 
Datatypes Simimary and Instrucjtions in I Mode 



Operation 


1 
1 


Si2e of Datatype (in Bits) 




1 16 

1 (r) 


1 32 
1 (R) 


1 64 1 32FP 
1 (R/R+1) 1 (FAC) 


I64FP I128FP 
1 (DAC) 1 ((JAC) 


Deci 
(-)l 


Load from memory 


1 LH 

1 


1 L 

1 


1 1 EL 


1 DFL 1 gpOiD 

1 1 


XMVI 

1 


Store to memory 


1 

1 STH 

1 


1 

1 ST 

1 


1 1 FST 


1 1 

1 JJFSTI QFST 

1 1 


1 
1 


Add 


1 

1 AH 

1 


1 A 

1 


1 1 FA 


1 t 

1 IJtA 1 QFAD 

t 1 


XADI 


Subtract 


1 SH 

1 


1 

1 S 

1 


1 FS 


i 1 

DPS 1 QFSB 
1 


XADI 


Multiply 


! 

1 MEI 


1 

1 M 


1 FM 


1 
DFM 1 QFMP 

1 


XMPI 


Divide 


DH 


D 


1 FD7 


1 

Dt'Lf/l QFDVI 

1 1 


XDVI 


Increment 


IMH. 
IHi, 
IH2 


IM, 

IRl, 

IR2 




1 1 

1 1 

1 1 

1 1 
1 1 




Decrement 


EMH, 
DHl, 
DH2 


EM, 

mi, 
m2 




1 1 
1 1 
1 1 
1 1 




AKD 


m 


N 


1 
1 






CR 


OH 











XCR 


m 


X 








Complement 


CMH 


CMR 








Ciompare i 


ca 


C 


1 PC 


DPC 1 QPC 1 


XGMI 


Logical test i 


LHaa 


Tfla 1 


1 LFaa 


LFaai 1 




Brancii i 


BHaal 


ERaai 


1 Bt'aai 


Ht'aai 1 




Logical shift i 




SHL 1 








Arithmetic shift i 




S!IA 1 








Shift right 1 I 


iiHKll 


SRI 1 








Shift right 2 i 


SHR2I 


SR2 1 








Shift left 1 1 


SHLII 
LHLII 


ST,1 1 
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Table 6-22 (continued) 
Datatypes Sumnary and Instructions in I Mode 



1 Operation i 


Size of DRitatype (in Bits) i 


16 1 32 1 64 I32FP I64FP I128FPI Decl 
(r) 1 (R) 1 (R/R+1) 1 (FAC) 1 (DAC) 1 (QAC) 1 (-)l 


1 Shift left 2 1 


SHI£I STP, 1 1 1 1 1 1 
LHLSI 1 1 1 1 1 1 

II i 1 1 1 1 


1 Shift left 3 1 


II 1 I 1 r 1 

LHL3I 1 1 1 1 1 1 

II 1 1 1 1 1 


1 Rotate 1 


If 1 1 1 1 1 

I ROT 1 1 1 1 II 

II 1 1 1 1 1 


1 Clear i 


II 1 1 1 1 1 
1 OR 1 1 1 1 II 

II t 1 I 1 1 


1 Clear left i 


CRBLI CRHLI 1 1 1 1 1 

II 1 1 1 1 t 


1 Clear right 


CRBRI GRHRI 1 1 1 1 1 
II 1 1 1 1 1 


1 Interchange halves 


II 1 1 1 1 " 
IRB 1 IRH 1 I 1 1 1 1 1 

II 1 1 1 1 1 


1 Interchange and 
1 cleax left 


II 111'" 

ICRTil ICHLI 1 1 1 1 1 
II 1 1 1 1 1 

II 1 1 1 1 1 


1 Interchange and 
1 clear right 


II 1 1 1 1 1 

ICKWI ICHRI 1 1 1 1 1 
II 1 1 1 1 1 
II 1 1 1 1 1 


1 Two's complement 


TGH 1 TC 1 1 PCM 1 DPCMI QFGMI 1 
II 1 1 1 1 1 


1 Set sign 


II 1 t 1 1 I 

SSM 1 SSM 1 1 1 1 II 

II 1 1 1 1 1 


1 Clear sign 


SSP 1 SSP 1 1 1 1 II 

III 1 1 1 1 1 


1 Change sign 


III 1 1 1 1 ' 

1 CHS 1 CHS 1 1 1 1 1 1 

III 1 1 1 1 1 


1 Convert datatypes: 

1 Integer to 

1 floatrng point 


III 11''' 

III 1 1 1 1 1 
1 FLTHI FLT 1 1 1 1 1 1 
III 1 1 1 1 1 
III 1 1 1 1 1 


1 Floating point 
1 to integer 


1 nmi! INT 1 III QINQI 1 
III III QI(^I 1 

III 1 1 1 1 1 


1 Binary to decimal 
1 Decimal to binary 


III 1 1 1 1 t 

1 XBTD! XBTDI XBTDI 1 1 1 1 
1 1 1 (DACO)I 1 1 1 1 
1 XHEBI XUi'Bl XDTBI 1 1 1 1 
1 1 1 (DACO)I 1 1 1 1 
I PIDHI PID 1 PH) 1 1 1 I 1 
III 1 1 1 1 1 

111 1 1 1 1 1 


! Position for integer 
1 divide 


1 Position after multiply 


III 1 1 1 1 1 

1 PDffil PIM 1 PIM 1 1 1 1 1 
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DATATYPES 



SUMMARY 



This chapter has Introduced the datatypes supported on the 50 Series 
processors emd has listed the instructions you can use to manipulate 
them. The next chapter, Altering Sequential Flow , lists instructions 
that allow you to test for a condition and perform actions depenling on 
the outcome of the test. 
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Altering Sequential 

Flow 



So fax this document has confined its discussions mostly to arithmetic 
operations. This chapter describes instructions tha,t can alter the 
normally sequential flow of control within a program. 



BRANCH AND SKIP INSTRUCTiaNS 

The simplest way to change the flow of control in a program is to use a 
branch or a skip instruction. These instructions may directly load a 
new value into the program counter, or they may first test some value 
and then load the program counter according to the outcome of the test. 
Note that branch and skip instructions always load the program counter 
with an address contained within the current segment. (To transfer 
control to an address outside the current segment, use a j\mtp 
instruction, explained in the second half of this chapter.) 

Table 7-1 lists the branch instructions. Table 7-2 lists the logic 
test instructions. Table 7-3 contains information about the 
conditional skip instructions. Table 7^ describes the floating-point 
skip instructions. 
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Table 7-1 
Brancii Instructions 



1 Mnpm 1 Name i Modes i Description i 


1 

1 BEQ PGE, i Brancti on A 1 V 1 Braaches if the contents of A i 
1 BGT, BLE, 1 Set With 1 1 meet the specified condition i 
1 BLT, BNE 1 Respect to 01 1 with respect to 0. i 


1 BCEQ BTXa: 1 Branch on i V,I i Branches if the condition code i 
1 boGt! Ba,E, 1 CG Set With 1 I reflects the specified i 
1 BCLT, BGNE 1 Respect to Oi i condition with respect to 0. i 


1 BFR} BPGE 1 Branch on 1 V,I 1 Branches if the contents of the i 
1 BFGT, BFLE, 1 FA With 1 1 floating accuinulator reflect i 
1 BFLT, BFNE 1 Respect to Oi i the specified condition with i 
1 1 11 respect to 0. ' 


1 HHEQ, EHGE, 1 Branch on I I i Branches if the contents of the i 
1 bhGt! BHLE, 1 r With 1 1 specified r iteet the specified i 
1 hhlT BHNE ! Respect to 01 1 cond.,ition with respect to 0. i 


1 

1 BLBQ HLGE 1 Branch on i V I Brancihes if the contents of L I 
1 Binr', BUM, \ L with i l meet the specified condition i 
1 BLLT, BLNE I Respect to 01 i with respect to 0. i 


1 BMBQ. BMrn?,, 1 Branch on i V,I i Branches if UM. and the i 
1 BM3T, BMLE, 1 Magnitude i I condition codes meet the i 
1 BMLT, BMNE 1 Condition I i the specified condition with i 
1 1 Set With 1 1 respect to 0. i 
1 1 Respect to 01 1 ' 


1 BRBQ BRGE, 1 Branch on 1 I i Branches if the contents of the I 
1 BRGT, BRT,K, 1 R Set With 1 1 specified R meet the specified! 
1 BRLT BRNE 1 Respect to 01 1 condition with respect to 0. i 


1 BRER 1 Branch on 1 I I Branches if the specified bit ini 
1 1 R Bit Reset 1 1 R is 0. i 
1 BRBS 1 Branch on i I I Brancihes if the specified bit ini 
! ! R Bit vSet 1 1 R is 1. i 


1 BHDl, EHOe, 1 Branch on r 1 I 1 Decrements r by the specified i 
1 BHDi 1 Decremented i i val\ie and branches if the i 
1 1 by Value i l valvie is not equal to 0. i 


1 BEEl BHI2, 1 Branch on r 1 I 1 Increments r ty the specified i 
1 BHI4 1 Incremented i i valtie and branches if the i 
1 1 by Value i i values is not equal to 0. i 
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Table 7-1 


(continued) 




Branch. Instructions 


1 ttnam 


1 Name 


1 Modes 1 Description i 


1 BRDl, BRDe. 


1 Branch on R 


1 I 


1 Decrements R by the specified i 


1 BRDl 


1 Decremented 




1 valvie and brancihes if the i 




1 iy Value 




1 value is not equal to 0. i 


1 BRIl, BRI2, 


1 Branch on R 


1 I 


1 Increments R by the specified i 


1 ERI4 


1 Incremented 




1 value and branches if the I 




1 iy Value 




1 values is not eqiia,! to 0. i 


1 BGS 


1 Branch if 


1 V.I 


1 Branches if the value of CBIT i 




1 CBIT is Set 




1 is 1. 1 


1 BGR 


1 Brandh if 


1 V.I 


1 Branches if the value of CBIT i 




1 CBIT is 




1 is 0. 1 




Reset 






1 m£ 


Branch if 


V.I 


Branches if the value of LDK i 




LINK is Set 




is 1. 1 


1 Km 


Branch if 


V.I 


Branches if the value of LINK i 




LINK is 




is 0. 1 




Reset 






1 TOC 


Branch on 


V 


Decrements the contents of X ty i 




Decremented 




1 and branches if the i 




X 




decremented value equals 0. i 


1 BDiT 


Brancih on 


V 


Decrements the contents of Y I 




Decremented 




iy 1 and branches if the i 




Y 




decremented val\ie equals 0. i 


1 BIX 1 


Branch on I 


V 1 


Increments the contents of X i 




Incremented i 




iy 1 and branches if the I 




X 1 




incremented value equals 0. I 


1 BIY 1 


Branch on I 


V 1 


Increments the contents of Y i 




Incremented i 




ty 1 and branches if the i 




Y 1 




incremented value equals 0. i 


1 CX3T 1 


Conrputed i 


V.I 1 


Branches if the contents of A I 




GOOX) 1 




are greater than 1 and less i 
than a specified integer; i 
otherwise, executes the next i 
instruction. i 
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Table 7-2 
Logic Test Instrucjtions 



1 Mnem i Name i Modes i Description i 


1 LEQ, 1 Load on ! S.R.V.I i Loads a register with a 1 if i 
1 TffR 1 Register i i the register reflects the i 
\ im:', 1 With Respect i i specified condition with i 
1 TiTiE, 1 to 1 1 respect to 0; otherwise, i 
I liT, 1 1 1 clears the register to 0. i 
1 LNe' III ' 


1 LCBQ, 1 Load 1 S,R,V,I 1 Loads a register with a 1 if i 
1 LOGE 1 Register on i I the condition codes reflect i 
1 lOGt' 1 nnTv^itinn 1 1 the specified condition with i 
1 LCLe! I Coc3es Set l i respect to 0; otherwise, i 
1 LCLT, 1 With Respect i i clears the register to 0. i 
1 LCNE 1 to 1 1 ' 


1 LFBQ, 1 Load Register i S.R.V.I i Loads a register with a 1 if i 
1 LTOE, 1 on FAC 1 1 "the contents of the floating i 
1 LTCT, 1 With Respect i i accuinulator reflect the i 
1 uiE, 1 to 1 1 specified condition with I 
1 u?lt! 1 1 1 respect to 0; otherwise, I 
1 i^pne' I 1 1 cleaxs the register to 0. i 


1 LHBQ 1 Load R on r II I loads R with a 1 if the contents i 
i lhGe! 1 With Respect i i of r reflect the specified i 
1 ijfjjr 1 to 1 1 condition with respect to 0, i 
1 ijhle', I 1 1 or with a if another i 
1 mi/p 1 1 1 condition exists. I 
1 LHNe' III ' 


1 T,T.-RQ 1 Load A on L i S.R.V I Loads A with a 1 if the contents i 
1 TiTPtk', I With Respect i i of L reflect the specified i 
1 jjCT 1 to 1 1 coiiiition with respect to 0, i 
1 t,t,t,k' I 1 1 or with a if another ' 
1 t.t.t.t' I 1 1 condition exists. i 
1 llne'i 1 1 1 


1 

1 LT 1 Load True i S,R,V,I 1 Loads a register with a 1. i 
1 LF 1 Load False i i Loads a register with a 0. i 
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TaiJle 7-3 
Conditional Skip Instructions 



Mnem i Name 



Modes I Description 



CAS 

GAZ 

CLS 

ERX 

IRS 

IRZ 

SAR 

SAS 

SGT 

SLE 

SLN 

SLZ 

S^fCR 

SMCS 

SMI 

SNZ 

SPL 

SRC 
SSC 
SZE 



Compaj?e A and 
Skip 

Compare A to 



Compare L atxi 

Skip 

Decrement and 
Replace X 

Increment aM 
Replace Memory 

Increment and 
Replace X 

Skip on A 

Register Bit 

Skip on A 

Register Bit 1 

Skip on A 

Greater than 

Skip on A Less 

Than 

Skip on LSB of 

A Nonzero 

Skip on LSB of 

A Zero 
Skip on Maciiine 

Ghedk Zero 
Skip on Machine 

Check Set to 1 

Skip on A 

Miniis 

Skip on A 

Nonzero 

Skip on A Pltis 



Skip on OBIT 
Skip on GBIT 1 
Skip on A Zero 



S.R.V 

S.R.V 
V 

S.R.V 

S.R.V 

S.R.V 

S.R.V 
S.R.V 
S.R.V 
S.R.V 
S.R.V 
S.R.V 
S.R.V 
S.R.V 
S.R.V 

S.R.V 

S.R.V 
S.R.V 
S.R.V 



compares the contents of A to the 
contents of a memory location htyI 
skips depending on the outcome. 
Compares the contents of A to and 

skips depending on the outcome. 
Compares the contents of L to the 

contents of a memory location 

and skips depending on the outcomB 
Decrements the contents of X ty l 

and skips the next 16 bits if the 

decremented value is 0. 
Increments the contents of a memory 

location and skips the next 16 

bits if the incremented value is 0, 
Increments the contents of X aivl 

skips the next 16 bits if the 

Incremented value is 0. 
Skips the next 16 bits if the 

specified bit in A contains 0. 
Skips the next 16 bits if the 

specified bit in A contains 1 . 
Skips the next 16 bits if the 

contents of A are greater than 0. 
Skips the next 16 bits if the 

contents of A are less than 
Skijs the next 16 bits if bit 

A contains 1. 
Skips the next 16 bits if bit 16 of 

A contains 0. 
Skips the next 16 bits if the 

machine dheck flag contains 0. 
Skips the next 16 bits if the 

machine check flag contains 
Skips the next 16 bits if the 

contents of A are less than 
Skips the next 16 bits if the 

contents of A are not equal 
Skips the next 16 bits if the 

contents of A are greater than 

or equal to 0. 
Skips the next 16 bits if the value 

of CBIT is 0. 
Skips the next 16 bits if the valiie 

of CBIT is 1. 
Skips the next 16 bits if the 

contents of A are equal to 0. 



0. 
16 of 



1. 



to 0. 
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Table 7-4 
Floating-point Skip Instructions 



Mnem i Name 



I Modes I Description 



FSGT I Floating Skip I R,V 

I If Greater 

I Than 

I 
FSLE I Floating Skip i R,V 

I If Less Than 

I or Equal to 

I 
FSMI I Floating Skip l R,V 

I If Minus 

I 
FSNZ i Floating Skip I R.V 

I If Not Zero 



FSPL I Floating Skip I R.V 

I If Plus 

I 

I 
FSZE I Floating Skip I R,V 

I If Zero 

I 



Skips the next location if the 
contents of the floating 
accumulator are greater 
than 0. 

Skips the next location if the 
contents of the floating 
accumilator are less than 
or equal to 0. 

Skips the next location if the 
contents of the floating 
accuinulator exe less than 0. 

Skips the next location if the 
contents of the floating 
accuimilator are not equal 
to 0. 

Skips the next location if the 
contents of the floating 
accuinulator are greater 
than 0. 

Skips the next location if the 
contents of the floating 
accuinulator are equal to 0. 



JUMP INSTRUC?ri(3NS 

Like the instructions listed ia the tables above, jump instructions can 
load new addresses into the program counter. The difference is that 
jump instructions can transfer control to addresses outside the current 
segment of execution. Table 7-5 lists these instructions. 



Second Edition 



7-6 



ALTERING SEQUENTIAL FDCW 



Table 7-5 
Jump Instructions 



Mnem 


1 Naine 


Modes 


1 Description i 


JUX 


1 Juittp on 


R 


1 Decrements the contents of X iy i 




1 Decremented X 




1 1 and jumps if the i 
1 decremented value is 0. i 


JIX 


1 Jump on 


R 


1 Increments the contents of X ty I 




1 Incremented X 




1 1 and jxmps if the I 
1 incremented value is 0. i 


JMP 


Unconditional 


S.R.V.I 


Jumps to the specified i 




Jump 




effective address. i 


JSR 


Jump to 1 


I 


Jvuirps to the specified i 




Subroutine I 




effective address a.nd saves i 
the return address in r. i 


JST 


Jump aj3d Store 1 


S.R.V 


Stores the current contents of I 
the program counter into i 
memory and jumps to the i 
specified effective address, i 


JSX 


Jump and Save i 


R.V 


Increments the contents of the i 




in X 1 




program counter ty 1 and i 
stores the result in X, then i 
jumps to the specified i 
effecti.ve address, i 


JSXB 


Jump and Save i 


V,I 


Stores the curi'ent contents of i 




in XB 1 




the program coimter in XB a,nfi i 
jvimps to the specified i 
effective address. i 


JSY 


Jump and Save i 


V 1 


Increments the contents of the I 




in y 1 




program counter ty 1 a,nd I 
stores the result in Y, then i 
jxamps to the specified i 
effective address. i 



SUMMARY 

The 50 Series supports hranch, skip, and jump instructions that you can 
use to transfer control from one part of your program to another. The 
next chapter begins the discussion of more complex methods of control 
transfers. 
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Stacks and Procedure 

Galls 



This Ghapter describes how to traiisfer control from one procedure to 
another. This type of control transfer, the procedure call , can: 

• Call inward rings from outward rings. 

• Invoke reentrant procedures. 

• Invoke recursive procedures. 

• Use an embedded operating system. 

Before describing how procedure calls work, however, this chapter 
defines several key terms. It also describes the stack, the data 
blocks that contain information about a call, and the special access 
rights that govern a call. 



EEFINITiaN OF TERMS 



Process and Procedure 

A procedure is a set of instructions, sucih as the body of a text editor 
or diagnostic program. A process is the execution of a procedure, such 
as the process that the system assigns to a user. A process may 
execute several procedures throughout its life. 
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A procedure may call other procedures by using the Prooediire Call (PCL) 
instruction. A processor may exchange one process for another ty 
invoking the process exchange mechanism (PM). For information aJxmt 
the PXM, refer to Chapter 9 and Appendix C. 

Note the use of the terms caller, callee, calling procedure, and called 
procedure. The procedure maMng the call is the calling proceduj?e , or 
caller. The procediire answering the call is the called procedure , or 
callee. These terms are used throughout this and later chapters. 



STACKS AND STACK MANAGEMENT 

The more sophisticated methods of altering sequential program flow use 
sta^Jks as teitrporary storage areas. Prooedvire calls use the sta-cfc to 
save the state of the machine before altering program flow and to 
contain the parameters of the call. When the specified operation is 
complete, information in the stack is used to restore the maxihine state 
to what it was before the procedure call took place. 



Stacks 

A stack is a group of one or more segments. Since a 50 Series 
processor can support more than one stack at a time, the segment number 
of the first segment in each stack (the stack root ) serves as a unique 
identifier. Stack segments following the stack root segment are called 
stack extension segments . A stack can contain many staxik exteiision 
segments. 



Stack Header 

The first four locations of the stack root segment contain the stack 
header . These locations contain information needed by the processor to 
manage the stack. Table 8-1 shows the format of these locations. 

Each stack extension segment also has a header. Offsets to 1 of each 
extension segment must contain 0. Offsets 2 to 3 contain an extension 
pointer that references the next stack extension segment. This pointer 
contains if this segment is the last stack extension segment. 
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TgLble 8-1 
Stack Header Format for the Initial Staxik Segment 



Offset I Naite 



Description 



0, 1 I Free i Pointer to first offset of next free space ini 

Pointer i the current stack segment (segment nvunber/ I 

offset number). This vslve must be even. I 

I I 

2, 3 I Stack I Pointer to first location of extension i 

Extension i segment, if one has been allocated. If i 

Pointer i there is not enough room to allocate a new i 

frame in the current segment referenced hy i 

the free pointer, the processor uses the i 

extension pointer to reference the next i 
segment. If the extension pointer contains i 

0, no extension segment has been allocated i 

and a stack overflow fault occurs. I 



Stack Frajnes 

The 50 Series processors store information on the stack in blocks 
called stack frames . They allocate the frames in a last in first out 
(LIPO) maimer. Each time the PCL instruction executes, a new frame is 
allocated; a PRTN instruction deallocates the frame when the prooed\ire 
specified by PCL completes execution. An unextended frame cannot cross 
a segment boundary. (See STEX in the Instruction Sets Guide . ) 

The stack frames allocated at any time are backward threaded only. 
This means that each frame points back to the frame of the procedure 
that previously used this stack. 

The information contained in a frame header defines the state of the 
machine that was in effect when the calling procedure executed the PCL 
instruction. This arrangement permits calls to or returns from a 
procedure without having to reference the frame of the calling 
procedure. 

Figure 8-1 shows the format of the stack frame header. All procedures 
in the same ring can use the same stack for storage. Different 
processes, however, usually do not shaxe stack segments. 
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1 FLAG BITS 





i STACK ROOT SBOffiNT # 


1 


1 Rfi-URN RJINTKR 


2 


1 RKl-URN PUlMTKk 


3 


1 STACK BASE 


4 


1 STACK BASE 


5 


1 LINK BASE 


6 


1 LINK BASE 


7 


1 KEYS 


8 


1 ARGUMENT OFFSET # 


9 



Offsets 
In Frame 




1 

2 to 3 



4 to 5 

6 to 7 
8 
9 



Contents 



Description 



Flag Bits I PCL alvrays sets these bits to 0. 

I 
Stack Root I Address of the free pointer. 
Segment # i 

I 
Return l Pointer to return location (that 
Pointer i following the last argument template 

I of the PCL instruction that created 

I this frame). 

I 
Stack Base l Contents of caller's SB (pointer to 

I previoxis frame). 

I 
Link Base i Contents of caller's LB. 

I 
KejTS I Contents of caller's keys. 

I 
Arguitent i Offset n-umber of the location followiag 
Offset # I the PCL that created this frame. 



Stack Frame Format 
Figure 8-1 
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ENTRY OONTOOL B3J0CKS 

The entry oontrol bloc3k (ECB) identifies a prooediire. When PCL 
ejfficutes, it forms the effective address of the csilled prooediire 's ECB, 
not of the procedure itself. The ECB contains information aixDut the 
called procedure, as well as aJxmt the expected parameters (sudh as 
number of expected arguments, size of stack frams, and so on). Figure 
8-2 shows the format aiid contents of the ECB. 



16 17 



32 



1 BCB.PBH 


ECB. PEL 1 


1 BCB.SFSIZE 


ECB.ROOTSN 1 


1 BCB.ARGDISP 


BCB.NARGS 1 


1 ECB.LEH 


BCB.LBL 1 


1 ECB.KEYSH 


1 


1 


1 


1 


1 


1 


1 



1 Offset 
1 Tn Block 


Name 


Description i 


1 to 1 


BCB.PB 


Pointer (ring, segment, offset nvuniber) i 
to the first executable instruction i 
of the called procedure. i 


1 2 


ECB. SFSIZE 


Stack frame size to create (in half- i 
words). Must be even. i 


1 3 


KTfR.ROOTSN 


Stack root segment number. If zero, 1 
keep same stack. i 


1 4 


BCB.ARGDISP 


Displacement in new frame of where i 
to build argument list. i 


1 5 


ECB.NAPTtR 


Number of arguments expected. i 


1 6 to 7 


EGB.LB 


Pointer (ring, segment, offset) to be i 
loaded as called procedure's linkage i 
base (location of called procedure's i 
linkage frame less '400). I 


1 8 


ECB. KEYS 


Keys desired by called procedure. i 


1 9 to 15 




Reserved, must be zero. i 



Entry Control Blocsk Format 
Figure 8-2 
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INDIRECr POINTERS 

If the callee expects axgmtents, several pointers to the arguments 
should follow the PCL instruction. These pointers axe called ajgument 
templates (or argument pointers ), and contain orders which PCL uses to 
form iTxiirect pointers to the actual arguments. Indirect pointers are 
saved in a stack frame that the callee \ises to reference the arguments. 

Several templates may be used in succession to form one indirect 
pointer. One template may specify a level of indirection; the next, a 
base register. Each template contains an S bit that determines if that 
template is the last one to be used to form a single indirect pointer. 
If this S bit contains a 1, then the argument is the last one to be 
used for this irxiirect pointer, and the processor should store it into 
the current staofc fraae. If the S bit contains a 0, then the indirect 
pointer requires more templates. 

'Each, template also contains an L bit to indicate if it is the last one 
for the last iaiirect pointer. V?hen L and S axe both 1, then this 
argument is the last one for the last pointer. When L is 0, other 
arguments follow it. When L is 1 and S is 0, the processor stores the 
results of the current AP (argument pointer) into XB and (if necessary) 
in X. (See Storing loiLrect Pointers , below, for information about 
these pointersT) In all cases, when the L bit is set to 1, no further 
APs are processed, and control is transferred to the called procedure. 
Figure 8-3 shows the format of all argument templates. Figure 3-3 in 
Chapter 3 shows the format of 32-bit aM 48-bit indirect pointers. 



4 5 6 7 8 9 10 11 16 17 



32 



IBITIIIOIBRILIS 1 000000 1 OFFSET 



1 Bits 


Mnem 


Contents I 


1 1 to 4 


BIT 


Bit number i 


i 5 


I 


Indirect i 


1 6 





Reserved; must be i 


1 7 to 8 
1 9 
1 10 


BR 

L 

S 


Base register i 

l£ist template for this call i 

Tflst template for this argument. i 

If 1, store argument address to memory. i 

If 0, store argument address to XB and X. i 


1 11 to 16 





Reserved; must be zero i 


1 17 to 32 


OFFSET 


Offset nuinber i 






Argument Template Format 
Figure 8-3 
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GATE ACCESS 

There are same Ring or Ring 1 prooedures that procedures in 
higher-nimbered rings will want to call. Since normal read, write, and 
execute eiooess rights will not allow such inward references, these Ring 
or Ring 1 prooedures must specify a special access right called gate 
access . Gate access allows a Ring 3 procedure to safely use a specific 
set of Ring and Ring 1 proced\ues without harming the rest of the 
system. 

For identification, the ECBs of the prooedtires that allow gate accesses 
are grouped in a special gate access segment. These ECBs must all have 
starting addresses of 0(modl6) in this segment. If a procedure 
references an improperly aligned BGB, an access fault occurs. 

To call any of the procedures allowing gate accesses, the caller must 
execute a PCL instruction that points to an ECB in the gate access 
segment. There is no other way to call these prooedures. 



MAKIMS A PROCEDURE GALL 
When PCL executes, it: 

• Calculates the callee's ring number. 

• Allocates a new stack frame for the callee. 

• Saves the caller's state. 

• Loads the callee's state. 

• Calculates and stores indirect pointers for the callee's use. 

This sequence of events is summarized in Figure 8-4 arxi described 
telow. 

Calculating a Ring Number 

When PCL begins execution, it calculates the ring number of the call. 
Pdi looks at the appropriate STLB entry, since it contains access 
rights for the calling procedure. PCL uses these access rights to 
determine if the caller has access to the callee's ECB. If the STLB 
specifies read access, PCL weakens the ring number contained In the 
callee's ring field to that of the caller. If the callee's BGB is in a 
gate segment, PCL uses the ring field contained in offsets to 1 of 
the callee's BGB as the ring number. 
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Reference 
Correct SOW 



Caliee's 


Ring# 




Yesy/ 


Read \^ 


«- Caller's Ring # 




No / 


Access y 








No 
T 




/ Access 1 
y^ Violation ; 


Gate \^ 

Access / 




' 


1 


/ 

Yes 




Caliee's Ring #.-Ring# 
in Offsets 0-1 of 
Caliee's ECB 


' 
















^ 


f 



Stack Segment 
for Call Istfie 
Current One 




Fetcfi Stack Root 
From Caller's 
Stack Frame 
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Allocating a Stayck 

PCL looks at the contents of EGB.ROOTSN (offset 3 of the ECB) to 
determine the stack root segment. If BGB.ROOTSN contains zeroes, the 
processor fetches the stack root niuriber from the stack frame of the 
caller. (Gate ECBs must have a nonzero stack root segment indicated in 
ECB.ROOTSN.) The first two offsets of the stack root segment contain 
the free pointer; PCL compares the number of available locations in 
the segment to the contents of BCB.SFSIZE (the number of 16-bit 
qiiajitities contained in a frame). Stack frame sizes and free pointers 
are alvTays rounded upwarcJs to form an even value. 

If the frame will fit into the locations remaining in the stack 
segment, PCL starts the new frame at the location specified by the free 
pointer. It also updates the contents of the free pointer so that they 
point past the new frame. 

If the new frame is too large to fit in the current segment, PCL 
examines the contents of offsets 2 to 3 in the segment referenced ty 
the free pointer. If offsets 2 to 3 contain 0, a stack overflow fault 
occurs. 

If offsets 2 to 3 contain a nonzero value, this value becomes the new 
free pointer. PCL rechecks for available segment locations as it did 
the first segment. If this segment cannot contain the whole frame, a 
stack fault occurs. If there are enough available locations, PCL 
starts the frame at the first available location. 



Saving the Caller's State 

The processor clears the flag field of the new frame and stores the 
contents of the caller's program counter, stack base and link base 
registers, and kejre into the new frame. The contents of the saved 
program counter specify the ring and segment of the caller. These 
saved contents point to the location iitimediately following PCL. 



Loading the Callee's State 

At this point, no faults are possible and the basic call must be 
finished. PCL loads the program counter with the contents of ECB.PB 
and LB with the contents of BCB.LB. The Tsesys are loaded with the 
contents of ECB. KEYS; note, however, that bits 15 to 16 of the Iseys 
are reset to 0. PCL also loads the address of the new fraite into SB. 
This is the end of the basic call. If there are any arguments, PCL 
must calculate and store the argument pointers before beginning 
e2«cution of the procedure. 
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Calculating Indirect Polaters 

Figure 8-5 shows hew the Indirect pointers are formed. The text that 
follows elaborates on this figure. 

To form an indirect pointer, PGL first forms the ring field. It 
compares the contents of the program counter's ring field and that of 
the base register specified in the caller. The larger value of these 
two fields lecomes the ring field of the indirect pointer. 

The contents of the segment field of the caller's specified base 
register become the contents of the indirect pointer's segment field. 

The contents of the base register's offset is added to the offset field 
of the argument template. If the specified base register is not XB, 
the contents of the bit field of the argument template become the bit 
field of the indirect pointer. When the specified base register in the 
argument template is XB, the bit field of the template is added to the 
bit field of the argument pointer saved in the XB and X registers, and 
any carryout goes to the offset field of the indirect pointer. The bit 
field is ignored if the indirect bit contains a 1 in the argument 
template. 

If the argument template indirect bit contains a 0, the value just 
calculated is the final value. 

If the argument template indirect bit contains a 1, the value just 
calculated is not the final value. PGL uses this calculated value to 
fetch the indirect pointer. PCL compares the calculated value's ring 
field to the caller's ring field (found in the program counter) airi. 
takes the larger of the two as the new ring field. The contents of the 
segment, offset, and bit fields are the sace as the contents of those 
in the fetched indirect pointer. 

When an indirect pointer's fault bit contains a 1, the contents of the 
argument template S bit and the pointer's first 16 bits determine the 
action to be taken. If the S bit contains a 1 aixi the pointer's first 
16 bits are '100000, the iiriirect pointer is loaded onto the callee's 
stack frame; all other cases result in a pointer fault. 

Once PCL finds the final value generated by the template, it examines 
the S bit to determine if it should store the pointer in the stack 
frame as an indirect pointer, or if it should store the pointer in XB. 

If S contains a 0, PCL must use at least one more template to complete 
the formation of the pointer. The value calculated so far is stored in 
XB. (If there is a bit field, the value is also stored in X. Bit 4 of 
XB, the E bit, contains 1 when X is vised.) The valiis calculated for 
the nert template is stored in XB airi. X again. XB is only updated 
whenever the S bit contains a 0. Otherwise, XB remains unchanged. 
This continues until the S bit or the L bit of one of the templates 
contains a 1. 
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Storing Iiidireot Pointers 

If S contains a 1, PCL stores the calculated indirect pointer in the 
next stack frame location. If L also contains a 1, then there aj?e no 
more indirect pointers to be calculated. A in L indicates that there 
are more arguments to follow, so PCL proceeds with the next one. 

If the number of indirect pointers produced is greater than the number 
the callee expects, PCL ignores the extras. 

If the number of indirect pointers produced is less than the number the 
callee expects, PCL creates dummy indirect pointers and stores them in 
the current frame. The format of these dummy pointers is '100000, 
where bit 1=1 iJxlLcates a pointer fault (omitted argument pointer). 
PCL stores one dummy pointer for each omitted one. 

The callee can reference omitted indirect pointers only to pass them on 
to other new procedures; if such a reference occurs , the new procedure 
will see such indirect pointers as ondtted. Any use of an omitted 
indirect pointer other than to pass it on causes a pointer fault. 

PCL alwaj^ allocates three 16-bit quantities in the current stack frame 
to store each indirect pointer. An indirect pointer occupies all three 
16-bit quantities, however, only if it has a nonzero bit field. If 
this is the case, PCL sets the E bit for that indirect pointer to 1. 
If an indirect pointer has a bit field containing 0, PCL sets the 
argument's E bit to and loads the indirect pointer into the first two 
allocated locations; when PCL loads the next indirect pointer, it 
skips the third location. 



THE ARGT INSTRUCTION 

PCL is resumable if any interruption occurs while it is transferring 
arguments. When such an interruption occurs, the program counter in 
the ret-um block contains the address of the first instruction in the 
callee. If the callee does not expect arguments, its first instruction 
can be anything. If arguments are expected, however, the first 
instruction of the callee must alwa37S be the Argument Transfer (ARGT) 
instruction. After the processor services the interrupt, control 
returns to ARGT, which, identifies how many irjdir-ect pointers have 3^t 
to be transferred, and begins the transfer anew at that point. 

ARGT transfers arguitents only if an interrupt occurs d-uring PCL's 
execution. If this happens, ARGT completes the transfer that PCL 
began. If no interrupt occurs, ARGT is not executed. 
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THE PRTO INSTRUCTION 

After all atrgtments are transferred, control transfers to the called 
procedure. The last instruction of the called procedure must be a 
procedure return instruction, PRTN, When this called procedu3?e 
completes execution, PRTN transfers control back to the calling 
procedure. The calling procedure picks up execution at the instruction 
immediately following PCL and its arguments. 

PRTN also deallocates the stack frame created when the procedure call 
was first made. To deallocate the fraroe, the instruction stores the 
current value of the stack base register into the free pointer. It 
then restores the caller's state by loading the caller's stack base aixi 
link base nregisters with the values contained in the frame being 
deallocated. The keys are similarly loaded, but bits 15 to 16 of the 
keys are reset to 0. PRTN also loads the program counter with the 
appropriate address contained in the frame, but loads the program 
counter's ring field with the logical OR (weaker) of the saved program 
counter ring nvimber and the current ring number. This prevents inward 
returns, yet allows returns from gated calls to work properly. 



PROGRAMMING NOTES 

When making a procedure call, make sure that the caller, callee, and 
associated ECB all contain consistent information about arguments. If 
the BOB specifies no arguments, then no argument templates should 
follow PCL, nor should the callee begin with ARGT. Sijnilarly, if the 
ECB specifies arguments, the associated callee must begin with ARGT, 
and PCL should be followed by the correct number of argument templates 
(or fewer). 

Also, PCL without argument pointers does not change the contents of any 
general registers or XB. PCL with argument pointers may alter the 
contents of some general registers, so do not rely on them to be the 
same as they were before PCL executed. Specifically, when calling an 
inner-ring procedure, do not use an indexed or an XB-relative PCL 
instruction. If an asynchronous interrupt condition occu3?s, the 
software restarts the interrupted call at the location specified by the 
calling PCL. Since neither XB nor the general registers were saved 
d-uring the first tiy of PCL, the processor may calculate an invalid 
effective address. 

In addition, do not specify an XB-relative argument template unless it 
is ijmmediately preceded by at least one other template whose S bit 
contains a 0. The previoiis template's S bit tells the processor that 
another template is to follow, and to save the current template in XB, 
not to store it in memory. The processor reads in the XB-relative 
template, and uses the saved contents of XB in the manipulation. If 
the XB-relative template were not ijmmediately preceded by another 
template whose S bit contains a and if the processor were to retry 
PCL, XB would not contain valid contents; the calculated template 
would be invalid. 
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INTRaDUCTICN 

You read in the previous chapter how to transfer control from one 
proced-uxe to another. This chapter aM the next, discuss the Process 
Exchange MeGhanism (PXM) and how it transfers control from one process 
to another. This chapter describes the PXM implemented on all 
single-stream processors. Appendix C describes the FXM implemented on 
a dual-st3?eam processor, the 850. 

As defined in the previous ciiapter, a process is a djTnamic state of 
execution, such as a viser in a tiite-sharing system. To quickly service 
as many processes as possible (up to approximately 1000 at once), the 
50 Series FM executes one process for a given length of time. If a 
resource is not available or time for this process is up, the PXM 
excjhanges this process for another, and so on. This allows many 
processes to work towards completion at the same time. 



ELEMENTS OF THE PXM 

The main elements of the process exchange mechanism (PXM) are: 

• Three data struct\rres: 

Process control blocks 
Ready list 
Walt lists 
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• Two PXM instructions: 



WATT 
NOTIFY 

• The dispatcher 

In addition to these elements, the PXM manipulates the register file 
aM the process interval timer during process exchange. 



PROCESS OONTROL HDOCKS 

Each process has a process control block (PGB) that describes it. Each 
PCB contaiiis a ndnunum of 64 halfwords and completely specifies its 
process from a hardware point of view. Table 9-1 shovre the format of 
the PCB. 

A single segment contains the PGBs of all processes running throughout 
the system. Bits 1 to 16 of register '25 in the current register set 
specify the ntimber of this segment, OWH0RH. (See Table 9-5 later in 
this cihapter for the format of the current register set.) The pointers 
ajid addresses in a PCB (except fault vectors and wait list pointers) 
axe 16 bits long and are assumed to be relative to OWNERH. Note that 
for the 6350, the contents of the concealed stack can go anywhere in 
segment OWNERH + 1; for the rest of the 50 Series, those contents can 
go anywhere in OWNERH. (For more information on OWNERH, see the 
section on User Register Files , later in this chapter.) 

PCBs generally start on 0(mod64) boundaries, but must start on at least 
0(mod32) boundaries. 



READY LIST 

The PXM vises the ready list to indicate priorities and dispatch 
processes. The elements of the ready list are: 

• A series of headers that make up the actiial ready list 

• A data base made up of PCBs 

• Two 32-bit registers, PPA and PPB 

Figure 9-1 and the text in the following section show the relationships 
between the ready list elements. 
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Tatole 9-1 
PCB Format 



Section l Offset l Contents 



Control 



Process 
State 



Fault 




1 
2 to 3 



6 to 7 
'10 to '11 



'12 to '15 
'16 to 17' 
'20 



'21 
'22 to '61 

'62 to '63 

'64 to '65 

'66 to '67 

'70 to '71 

'72 to '73 

'74 to '76 

'77 
See note 
to the 
right 



Level pointer to BOL in ready list. 
Link pointer to next PCB, or 0. 
Segment number/offset number of the semaphore 
whose wait list is currently pointing to this 
PCB. A segment number of iixiicates that 
this PCB is on the ready list. 
Abort flags \ised to generate a process fault 
when this PCB is dispatched. 
Bits 1 to 15: set iy the software 
Bit 16: process interval timer overflow 
Pointer to the register set that this process 

used last. 
Reserved for future use. 
Elapsed timer. Must be maintained ty the 
software that resets the live interval timer. 
Discussed further in Table 9-11. 
nrAR2 and DTARS. These are never saved, only 

restored. See Figure 4-9 and Table 9-5. 
Interval timer (copy of TIMER, shown in Table 

9-5). Discussed further in Table 9-11. 
Save mask. PXM uses this to avoid saving or 
restoring registers containing zeroes. 
The format of the save mask is: 
1 to 8: aX)-GR7 (see Table 9-5) 
9 to 12: FACO-FACl (see Tables 6-9 and 9-5) 
13 to 16: PB, SB, LB, XB (see Table 9-5 and 

Figure 3-1). 
Keys. (See Figures 5-3 and 5-i, Table 9-5.) 
Storage for nonzero registers. (See Save 

mask, above.) 
Fault vector. Segment number /offset number to 

favilt taJDle for Ring 0. 
Fault vector. Segment number /offset n-umber to 

fatilt table for Ring 1. 
Reserved for future use. 
Fault vector. Segment number/offset number to 

fault table for Ring 3. 
Fault vector. Segment nxunber/ offset n-umber to 

fa-ult taJDle for page fault. 
Concealed fault stack header (FIRST, NEXT, aixi 

LAST pointers). (See Table 10-7.) 
Reserved. 

Concealed stack, whose contents can go anywhere 
in segment OWNERH + 1 (6350 only) or OWNERH 
(rest of 50 series) emd can contain as many 
frames as desired. See the Concealed Stack 
section in Chapter 10. 
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Figure 9-1 
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Headers 

The ready list itself is made up of headers, one header for each level 
of priority. These headers are allooated in contiguous memory 
locations, with the highest priority header contained in the lowest 
numbered memory location. Each header, in turn, is made up of two 
16-bit pointers. The pointers are called the Ijegiiming of list (BOL) 
pointer and the end of list (BOL) pointer, and each contains the 
address of a PCJB in segment OWNEEIH. 

The PCB referenced ty a BOL pointer is associated with the first 
process having a particular priority. The BOL pointer points to the 
PCB of the last process with that particulax priority. 

A BOL pointer containing a 1 signals the end of the ready list, since 
PCS addresses must be even. A BOL pointer containing a signals an 
empty level. 



Ready List Data Base 

The ready list data base is made up of linked lists of PCBs whose 
associated processes are ready to execute. There is one list defined 
for each level of priority; all PCBs contained in that list have the 
same level of priority. A list can contain as many processes as can 
exist in the S37Stem at a tione. 

The first location in each PCB specifies the process' priority level ty 
pointing to one of the BQL pointers in the ready list. The second 
location contains a forward link to the next PCB in the linked list. 
For the last PCB in the linked list (that is, the last PCB in the ready 
list with this level of priority), the second location contains 0. 



PPA and PPB Registers 

The PXM uses the pointer to process A (PPA) and pointer to process B 
(PPB) registers to locate the next process to dispatch. Both registers 
are 32 bits wide. 

PPA always contains information about the currently active process. 
Bits 17 to 32 contain PCBA , the address of the process' PCB. Bits 1 to 
16 contain the level of priority, called Level A . Level A alwas^s 
specifies the system's highest priority level that has an associated 
PCB ready to run. This is because the STstem's currently running 
process is alwa3?s the highest priority process that is capable of 
running. 

PPB contains Level B and PCBB , which specify the priority level and the 
PCB address, respectively, of the next process to run when execution of 
the current process terminates. 
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Using PPA, PPB, aai the Ready List 

To show how PPA etoi PPB axe used, sujypose Process H is numing when 
Process J, whose priority is higher than that of Process H, needs to be 
serviced. This ireans that Process J preempts Process H. The PXM 
suspends Process H, saves the contents of PPA (which reference Process 
H) in PPB, aM. then services Process J. When Process J completes, the 
PXM checks PPB to see what process to run next. PPB identifies Process 
H, and so the PXM resumes execution of Process H. 

Except when bringing the sj^tem up from a cold start, software should 
never alter the contents of PPA or PPB. This holds even if PCBA or 
PCBB contains 0, iuHcating invalid register contents. Even if PCBA is 
invalid. Level A specifies the highest level of priority that was 
esrecuting in the system, and this determines the starting point of a 
scan to find the next process to run. VOien PCBA is invalid, PCBB is 
guaranteed to be invalid. Note that PCBB is also invalid when the 
system is idle. 

Upon cold start, the cold start software loads the PPA register with 
the highest level of priority in the ready list. At all other tijmes, 
however, Level A specifies the highest level of priority that was last 
known to contain a process. All scans of the ready list can begin at 
this last known level. Wienever the PXM needs to run a process of 
higher priority than that specified in Level A, the PXM loads PPA with 
that higher level. 

The PXM does not maintain a pointer to the highest priority level of 
the ready list. The ready list allocator that starts the PXM, however, 
knows the starting address of the ready list. In addition, iBvel A 
always points to either the highest priority level currently in the 
system, or the last known highest level. This means that Level A can 
be a pointer into the ready list. 

If PCBB is valid. Level B points to the next process to be executed 
when the current process completes. The priority level of this next 
process is lower than or equal to that of the currently executing 
process. If PCBB is invalid, the contents of iBvel B are 
unpredictable . 
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WAIT LISTS 

Valt lists specify a group of processes that are waiting for an event 
to occur. There are two major elements of each wait list: 

• A semaphore 

• A data base made up of PCBs 

Figure 9-2 and the text in the following section describe the 
relationship between a semaphore aixi the wait list PCBs. 



Semaphores 

Semaphores define an event, such as the completion of a task. The 
definition of the semaphore is known by at least two processes, or hy 
one process and phantom interrupt code. Upon completion of the event, 
a NOTIFY instruction changes the value of the semaphore. This change 
in value may cause the PXM to run a new process. 

A semaphore consists of two sequential 16-bit memory locations. The 
first location contains a WAIT counter, C. If C is greater than zero, 
then it specifies the number of PCBs on the associated wait list. If C 
is negative, it specifies the niunber of times the event has occurred 
without running a process. 

The second location contains the address of the first PCB awaiting 
completion of the specified event. Since all PCBs are contained in 
segment OWNERH, a 16-bit pointer is all that is needed to identify a 
specific PCB. 

Semaphores can reside anywhere in memory but segment 0. 



Walt List Data Base 

Each wait list has associated with it a linked list of PCBs. The 
processes represented ty the PCBs all share the same semaphore; this 
means that they axe all waiting for the same event to occur. 

The PCBs in a wait list need not have the same level of priority, since 
the wait list uses a priority-based queuing algorithm. This means that 
processes with higher priorities are queued ahead of those with lower 
priorities. 
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Figure 9-2 
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PXM INSTRUCTIONS 

The two notify instructions, NFYE aM NFYB, and the wait instruction, 
WAIT, are restricted instniotions. Therefore, they must be executed in 
Ring 0. All three instructions are 48 hits long: bits 1 to 16 contain 
an instruction code, and bits 17 to 48 contain a 32-bit address pointer 
to a semaphore. 



The WAIT Instruction 

Figures 9-3 and 9-4 show the actions of the WAIT instruction. 

As the name indicates, WAIT signals the EXM to wait for an event before 
executing any more of the currently running process. When WAIT 
executes, the processor uses the address pointer contained in the 
instruction to reference a particular semapihore. The processor 
increments the counter contained in the addressed semaphore, then looks 
at the result. 

If the result is less than or equal to 0, there are no other processes 
waiting for the event defined by the semaphore. In this case, the 
currently executing process can continue. 

If the result is greater than 0, either the expected result has not 
occurred, or the desired resource is not available. The processor 
stops executing the current process, removes the associated PCB from 
the ready list, and places the PCB on the wait list associated with the 
semaphore. The PCB's priority level dictates where on the wait list 
the PCB should go. If the wait list already contains PCBs with the 
same priority level, the new PCS is placed after the ones already 
there. 

A semaphore overflow fault occurs if the result is greater than +32767. 
See Qiapter 10 for details. This fault does not occur, however, for 
the earlier processors listed on page 1-1. 



Note 

The processor saves only the contents of the keys, base 
registers, program counter, and the interval timer (down to the 
microsecond) when it adds a PCB to the wait list. It does not 
save the contents of the general registers or floating 
registers. After this short save the processor makes the 
register set used by the exchanged process available to the 
next process to run. For this reason, never assume that the 
contents of the general registers after a WAIT instruction 
executes are the same as they were before WAIT executed. 
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The NOTIFY InstructiODS 

Figu3?e 9-5 shows the axjtions of NOTIFY. 

The two notify instructions, NFYE and NFYB, perform the same sequence 
of events. They differ only in the queuing algorithm used: NFYE 
queues PCBs at the end of the appropriate ready list priority level, 
while NFYB quieues PCBs at the beginning of the appropriate priority 
level. In the discussion that follows, NOTIFY encompasses the 
operation of both instructions. 

NOTIFY signals the PXM that some awaited event has occurred. When 
NOTIFY executes, the processor uses the address pointer contained in 
the instruction to reference a semaphore. The processor decrements the 
oo\mter contained in the semaphore iy 1 and checks the result. 

If the result is less than 0, no process is waiting for this event, so 
the processor continues the currently executing process. If the result 
is less than -32768, a semaphore undeflow fault occurs. This fault, 
however, does not occur for the earlier processors listed on page 1-1. 

If the result is greater than or equal to 0, the processor removes the 
PCB at the head of the specified wait list and places it on the ready 
list. If the process associated with the PCB moved to the ready list 
has a higher level of priority than that of the currently executing 
process, the processor will preempt the current one. However, it does 
not remove the current process' PCB from the ready list. In addition, 
the processor saves the contents of the preempted process' registers 
before starting to execute the new process. 

As the above explanation shows, NOTIFY does not alwajTS interrupt the 
currently ej^cuting procedure. However, it does alwa3^ make a change 
in the specified semaphore. 
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Count -^ Count -1 




(B0L)»-((B0L) + 1) 




Yes 



Push: 

PPB*-PPA 

PPA --New Process 



Yes 



Yes 




No 



No 



^ 



NOTIFY Instructions, Paxt 1 
Figure 9-5a 
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PPBL-^New 

Process 
Level 





No 



(EOL) = PCB 



(PCB + 1) = (BOL) 
(BOL) = PCB 



c 



DISPATCH 



) 



PCBB = New Process 



End 



Beginning 



((E0L) + 1) = PCB 
(EOL) = PCB 
PCB + 1=0 



NOTIFY Instructions, Psurt 2 
Figure 9-5b 
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DISPATCHER 



The operations performed ty the PXM axe mostly governed by the 
dlspatober . This miorocoded routine is responsible for: 

• Deciding which process to run next 

• Assigning that process a register set 

• Managing the register file, including saves aixi restores 

• Turning the process timer on and off 

The section Dispatcher Operation below describes the details of the 
dispatcher's actions. 



REGISTER FILES 

The number of register files varies according to the processor as shown 
below. 

• For 6350 and 9750 to 9955 II: 8 register files 

• For 2350 to 2755, 9650, and 9655: 11 register files 

Each register file contains 32 32-bit registers that each have a hi^ 
half and a low half. Tables 9-2 and 9-3 show the allocation of the 
register files and the absolute memory locations each occupies. 
(Appendix B discusses the register files of the earlier systems listed 
on pa^e 1-1 . ) 



Table 9-2 
Register File Allocation for 6350 and 9750 to 9955 II 



Register File i Absolute Locs i Use 






RFl 
RF2 
RF3 
RF4 
RF5 
RP6 

RF7 



registers (set 1) 

'40 to '77 I 32 EMA channels 

'100 to '137 I User register set 2 

'140 to '177 I User register set 3 

'200 to 237 I User register set 4 

'240 to '277 I User register set 5 

'300 to '337 I Microcode scratch and system 

1 registers (set 2) 

'340 to '377 i Spaje register set 
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Note to Table 9-2 

The four user register sets listed in this table axe called 
user register sets 2 to 5 to correspond with their register 
file numbers BF2 to RF5. 



TELble 9-3 

Register File Allocation 
For the 2350 to 2755, 9650, and 9655 



1 Register File 


Absolute Logs 


Use 1 


1 RFO 


to 


'37 


Microcode scratch ajxi system I 
registers (set 1) i 


1 RFl 


'40 to 


'77 


32 DMA channels i 


1 RF2 


'100 to 


'137 


User register set 2 i 


1 RF3 


'140 to 


'177 


User register set 3 i 


1 RF4 


'200 to 


'237 


User register set 4 I 


1 RF5 


'240 to 


'277 


User register set 5 i 


1 RP6 


'300 to 


'337 


User register set 6 i 


1 RF7 


'340 to 


'377 


User register set 7 i 


1 KF8 


'400 to 


'437 


User register set 8 i 


1 RF9 


'440 to 


'477 


User register set 9 i 


1 RFIO 




* 


Microcode scratch and ^stem i 
registers (set 2) I 



*For system use only. 



Note to Table 9-3 



The eight user register sets in this table aie called user 
register sets 2 to 9 to correspond with their register file 
numbers RF2 to RF9. 



User Register Files 

Table 9--1 defines the register mnemonics used in the user register 
sets. Table 9-5 shows the format of a user register set for V, I, R, 
and S modes. All user register sets have the same structure. 
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TaJDle 9-4 
User Register Set Mnemonics* 



1 Mnem i 

1 


Name i 


1 Mnem i 


Name i 


1 

1 A 


AoGumulator i 


1 Fmi 1 


Field length register 1 I 


1 B 


Double-precision long i 


1 GSD 1 


General register i 


1 


accuirailator extension. I 


1 GRl 


General register 1 i 


1 m'ARO 


Descriptor table arirtressi 


1 GS2 


General register 2 I 


1 


register 0. i 


1 CS3 


General register 3 i 


1 JJi'ARl 


Descriptor table arifiressi 


1 GR4 


General register 4 i 


1 


register 1 i 


1 GB5 


General register 5 I 


1 m'AR2 


Descriptor table address i 


1 GB6 


General register 6 I 


1 


register 2 i 


1 GR7 


General register 7 i 


1 m'AR3 


Descriptor table address i 


1 KEYS 


Keys 1 


1 


register 3. i 


1 L 


Double-precision I 


1 E 


Accuimilator extension i 


1 


accuniulator 1 


1 


for MPL and DVL 1 


1 LB 


Link base register I 


1 FAC 


Floating-point accmmi- I 


1 WJWS 


Modals 1 


1 


later (R and V modes) i 


1 OWNER 


PCB address of the 1 


1 FAC» 


Floating-point I 


1 


process that owns the i 


1 


accumulator (I inode)i 


i 


register contents I 


1 FACl 


Floating-point I 


1 PB 


Procedure base register i 


1 


accuimalator 1 (I mode)i 


1 S 


Stack, alternate index i 


1 FAIIIH 


Fault address register i 


1 SB 


Stack ha.se register i 


1 FARO 


Field address register Oi 


1 X 


X index register i 


1 FARl 


Field address register li 


1 XB 


Auxiliary base register I 


1 J?XJ()I)K 


Fault code register i 


1 Y 


1 Y index register i 


1 FLRO 


Field length register I 


1 





An H appended to a register mnemonic refers to bits 1 to 16 of 
register; an L so appended refers to bits 17 to 32. 



that 
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Table 9-5 
User Register File Structure* 



Reg 












Num** 


1 V Mode 


1 I Mndfi 


S, R Modes 


1 Comments I 







aio 









1 




GRl 









2 


L,A,B 


GR2 


A, B (1.2) 


A occupies L bits 1 to 16; I 












B occupies L hits 17 to 32. I 


3 


E 


GBZ 









4 




GR4 









5 


Y 


(315 


S (3) 




S a.TKi Y are 16 bits long. i 


6 





GR6 









7 


X 


GR7 


X (0) 




X is 16 bits long. I 


'10 to 


FARO, 


FARO, 


('13) 




Discussed in the Floating- I 


'11 


FIBD, 


FLRO, 
FAOO 






Point section in Chapter 6. i 
Also, important cautions I 


'12 to 


FARl, 


FARl 


FAC 




appear in the section i 


'13 


FlRl, 


Flill, 


(4,5,6: 


) 


Overlap Between Floating- i 




FAC 


FACl 






point and Field Registers i 
of Chapter 9. i 


'14 


PB 


PB 


PB 




These are base registers i 


'15 


SB 


SB 


SB ('14, 


'15) 


discussed in Chapter 3. I 


'16 


LB 


LB 


LB ('16. 


'17) 


Their format appears in i 


'17 


XB 


XB 


XB 




Figure 3-1. 1 


'20 


m'AR3 


m'AR3 


m'AR3 (' 


10) 


The format appears in Figure i 


'21 


m'AR2 


m'AR2 


UrAR2 




4-9. The segment group of i 


'22 


Ui'ARl 


Ul'ARl 


Ui'ARl 




each Ui'AR is as follows. i 


'23 


JJi'ARO 


Ui'ARO 


m'ARO 




m'ARO: Segs to 1023 1 
Ui'ARl: Segs 1024 to 2047 1 
m'AR2: Segs 2048 to 3071 1 
m'AR3: Segs 3072 to 4095 1 


'24 


KEYS, 


KEYS, 


KEYS, 




The ke37S occupy bits 1 to 16; i 




MGDAT.S 


MODAI£ 


MOTALS 




the modals occupy bits 17 i 
to 32. The keys format i 
appears in Figures 5-3 and i 
5-4. The modals format i 
appears in Figure 5-2. i 


'25 1 


OWNER 


OWNER 


OWNER 




Discussed in Chapter 9. I 


'26 1 


mHJK 


POHIK 


PaMlK (' 


11) 


Discussed in the Fault i 


'27 1 


FAIHH, 


FAHIK 


FAIHK (' 


12) 


section of Chapter 10. i 


'30 1 


TIMER 


TIMER 


TIMER 




Discussed in the Process i 
Interval Timer section i 
later in Chapter 9. i 


'31 to 1 













'37 1 













* All registers are 32 bits long unless otherwise indicated. Ntiinbers 
in parentheses represent address traps listed in Table 3-13. 

'* Register number within a user register file. 
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The '25th location in eacla vsex register set specifies OWNER , the 
address of the PCS associated with the process that cwns the register 
set. Bits 1 to 16 of OWNER specify OWNEEIH , the number of the segment 
containing the ready list and the PCBs. HakB sure that OWNERH contai n s 
the proper value in all user 3?egister sets before entering process 
exchange mode. 



Overlap Between Floating-point and Field Registers 

Floating-point accumulators and field registers occupy the saite 
locations in user register files, as noted in Qiapter 6. The precise 
degree of overlap vaxies among the 50 Series processors since the 
16-bit exponent of the floating-point accumulator can be in one of 
several places. The guaranteed overlap tetween the floating-point and 
field registers is limited to only the following: field register and 
floating-point accumulator occupy RF2 '110, '111; field register 1 
aol floating-point accumulator 1 occupy RF2 '112, '113. (These 
registers occupy slmlar locations in RF3 through RF9.) 

In addition, some processor models (such as the earlier processors 750 
arei 850) store the floating-point accumulator and the field registers 
in separate places. Due to this situation, special tracking hardware 
enforces the following guarantees for all 50 Series processors. 

• Floating-point accumulators and 1 are handled independently. 
Qianges to one do not affect the state of the other. 

• Any floating-point update sets the register acted upon to the 
floating-point type. 

• Any field update sets the register acted upon to the field type. 

• lype-specific stores save from only their type of accumulators. 
For example, FST looks al^aays to the floating-point storage. 

• Type-independent operations take information from the most 
recently used register type. Examples: UMI., RSAV, process 
exchange register save. 

• Type-independent operations place information into both types of 
registers. Examples: SYIR, ERST, PX register restore. 

The consequences of these guarantees for all 50 Series processors are: 

• A DFST following an EAFA may or may not store the EAFA 
information, depending on an intervening interrupt. (Information 
is captiored if an interrupt occurs.) 

• Using anything to save these registers is guaranteed under only 
the following two circumstances. 
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- Only one type is used. Examples: IFLD, DFST; EAFA, STFA. 

- Type-independent instructions are used for the save. 
Exsttttples: LULR or RSAV. 



IMA Ghf),nnel Register File 

The EMA register file, RFl, contains 32 charmel registers, 
shows the format of this register file. 
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Table 9-6 
mA Register File (KFl) Format 



LOC 


Contents i 


1 Log 


Contents I 

1 


'40 


EMA cell 00 1 


1 '60 


EMA cell 20 1 


'41 


EMA cell 01 1 


1 '61 


EWA cell 21 1 


'42 


EMA cell 02 1 


1 '62 


EMA cell 22 1 


'43 


EMA cell 03 1 


1 '63 


EMA cell 23 1 


'44 


EMA cell 04 1 


1 '64 


EMA cell 24 1 


'45 


EMA cell 05 1 


1 '65 


EMA cell 25 1 


'46 


EWA cell 06 1 


1 '66 


EMA cell 26 1 


'47 


EMA cell 07 1 


1 '67 


EMA cell 27 1 


'50 


EMA cell 10 1 


1 '70 


EMA cell 30 1 


'51 


EMA cell 11 1 


1 '71 


EWA cell 31 1 


'52 


EMA cell 12 1 


1 '72 


EMA cell 32 1 


'53 


EMA cell 13 1 


1 '73 


EMA cell 33 1 


'54 


EMA cell 14 1 


1 '74 


EWA cell 34 1 


'55 


EMA cell 15 1 


1 '75 


EMA cell 35 1 


'56 


EMA cell 16 1 


1 '76 


EWA cell 36 1 


'57 


EMA cell 17 1 


1 '77 


EMA cell 37 1 



Directly Addressing a Register Set 

To address the register file directly, you must use the UKR/SHR 
instructions. For more information, refer to the descriptions of UJLR 
and SFIR in the Instruction Sets Guide . Some register set locations 
can be addressed as memory locations in some addressing modes as well. 
See the Address Traps section in Chapter 3 for more information on this 
topic. 
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Mioroocde Register Files 

RFO, RF6, aiid RFIO are reserved for microcode use. These registers can 
hold temporary data, control information, or other such items for the 
microcode to use. Some axe defined for microdiagnostic use. Tables 
9-7 through 9-10 define the microcode register files. (See Appendix B 
for a definition of the microcode register file for the earlier 
processors listed on page 1-1.) 



Table 9-7 

Microcode Register File Set 1, RFO, 
For the 6350 and 9750 to 9955 II 



Log 


Contents i 


1 Log 


Contents i 





'mo 




1 '20 


RMASAVE 1 


1 


TRl 




1 '21 


1 


2 


TR2 




1 '22 


PARRBGl i 


3 


TR3 




1 '23 


PARREG2 1 


4 


TR4 




1 '24 


DSWPARITY2* 1 


5 


TR5 




1 '25 


PBSAVE 1 


6 


TR6 




1 '26 


SYSRBGl 1 


7 


TR7 




1 '27 


DSWARITY 1 


'10 


FR032, 


TR8 1 


1 '30 


PSWPB 1 


'11 


TR9 




1 '31 


PSWKEYS 1 


'12 


FR132, 


TRIO 1 


1 '32 


PIA, PPA 1 


'13 


TRll 




1 '33 


PLB, PPB 1 


'14 


RBOIV, 


UCSAIHRI 


1 '34 


DSWRMA 1 


'15 


KDSAVE 




1 '35 


DSWSTAT 1 


'16 


Ct-'ifOO, 


C001'*F 1 


1 '36 


DSWPB 1 


'17 


RATMP 




1 '37 


RSAVFl'R 1 



* For the 9750 to 9955 II, location '24 contains PARRBG3. 
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Table 9-8 

MicroGocae Register File Set 2, RF6, 
For the 6350, aoi 9750 to 9955 II 



Log 


Contents i 


1 LOC 


Contents I 


'300 


nSlO/STLBRFl 1 


1 '316 


G800008 (6350); 1X3116 1 


'301 


EGR1/STLBRF2 1 


1 '317 


iJLlR17 1 


'302 


KS^/REMXl 1 


1 '320 


MINUSl 1 


'303 


UGk3/RrMX2 1 


1 '321 


aNE32 1 


'304 


DGR4/RCMX3 1 


1 '322 


lUART, KMASK 1 


'305 


KRS/MIMBUFl 1 


1 '323 


C3FF, C3F 1 


'306 


iJLJK6/MINia^UF2 (6350); 1 


1 '324 


C8000 1 




RSSAV (9955, 9955 II) 1 


1 '325 


ttJUUD, GBOBOL 1 


'307 


ixai7 1 


1 '326 


C9000, 00080 1 


'310 


DGRIO 1 


1 '327 


CBIEO, PICSTAT (6350) 1 


'311 


DGRll 1 


1 '330 


06666 1 


'312 


ISDIAGRF (6350); 1 


1 '331 


CIQK, A(Ji2 1 




iJGR12 (see note) i 


1 '332 


DP6 (6350); FKRRh"ii6 1 


'313 


WjymSF (6350); 1 


1 '333 


DP5 (6350); FKRliKi-b 1 




FF80 (9955, 9955 II); 1 


1 '334 


DP4 (6350); FKRRbT4 1 




TinR13 (975x) 1 


1 '335 


DP3 (6350); FJMibiy 1 


'314 


MCi'liMPl (6350); DGR14 1 


1 '336 


DP2 (6350); FKRRhT^ 1 


'315 


MCrEMP2 (6350); D3R15 1 


1 '337 


DPI (6350); FKRRKi'l 1 



Notes to Table 9-8 

For the 9955 and 9955 II, location '312 is nonzero when a 
recoverable machine check has occurred. In this case, the 
value and meaning of bits 29 to 32 of '312 are the same as 
those in bits 29 to 32 of the ESWPARITY for the 9955 an! 9955 
II. (Chapter 10 discusses the recoverable mach i ne check as 
well as the DSWPARmr. ) The meanings of bits 29 to 32 are as 
follows. 

Bits tfeaning 

29 If 1, the S unit detected an error. 
Bits 30 to 32 describe the error. 
30 to 32 For the 9955 and 9955 II only: 
000: no error 

001: LPID out of STLB in eiror 
010: LBPA out of STLB in error 
Oil : LBVA out of STLB in error 
100: APR out of STLB in error 
101: cache index 
110: cache data high side 
111: caxjhe data low side 
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Table 9-9 
Microoode Register File Set 1, RFO. for the 2350 to 2755, 9650, 9655 



1 LOC 


Contents I 


1 Loc 


Contents I 


1 


TRO 1 


1 '20 


QNE32 1 


1 1 


TRl 1 


1 '21 


PBSAVE 1 


1 2 


•IR2 1 


1 '22 


REMX3 1 


1 3 


TR3 1 


1 '23 


REMX4 1 


1 4 


TR4 1 


1 '24 


C377 1 


1 5 


TR5 1 


1 '25 


MINUSl 1 


1 6 


TR6 1 


1 '26 


lilBGSET.GHKRBG 1 


1 7 


TR7 1 


1 '27 


DSWPARITY 1 


1 '10 


REMXl 1 


1 '30 


PSWPB 1 


1 '11 


RmX2 1 


1 '31 


PSV?KEYS 1 


1 '12 


USGADLR, RBOIV 1 


1 '32 


PPA 1 


1 '13 


RSGTl 1 


1 '33 


PPB 1 


1 '14 


RSGT2 1 


1 '34 


DSWRMA 1 


1 '15 


RBOCl 1 


1 '35 


DSWSTAT 1 


1 '16 


RE0C2 1 


1 '36 


DSWPB 1 


1 '17 


TEMPGAC 1 


1 '37 


RSAVPTR 1 



Table 9-10 
Microcode Register File Set 2, RFIO, for the 2350 to 2755, 9650, 9655 



1 Loc 


Contents 


1 


1 Loc 


Contents i 


1 '500 


DECOO 




1 '521 


AERRhlG2 1 


1 '501 


DECOl 




1 '522 


AERRBG 1 


1 '502 


DEC02 




1 '523 


LIGHTS, nnvEC 1 


1 '503 


DEGOS 




1 '524 


t^PTR, BYTJ^'JjGI 1 


1 '504 


DEC04 




1 '525 


WSLFLG 1 


1 '505 


DEC05 




1 '526 


RDMX5; SGR26 (2755 only) 1 


1 '506 


DEC06 




1 '527 


UMASKl, SCR27L; 1 


1 '507 


nEC07 






SGR27 (2755 only) 1 


1 '510 


DECIO 




1 '530 


UMASK2, SCR30L; 1 


1 '511 


RE0C3 






SGR30 (2755 only) 1 


1 '512 


TMRSAVE 




1 '531 


URDRXH, SGR31L; 1 


1 '513 


CTRLBYTE 


, QFDIDX; 1 




SCR31 (2755 only) 1 




SGR13 


(2755 only) 1 


1 '532 


BFR04 1 


1 '514 


GMDBYTE, 


SGR14L; 1 


1 '533 


DSSW 1 




SGR14 (2755 only) 1 


1 '534 


RSTLBl 1 


1 '515 


EXP32 


1 


1 '535 


RSTLB2 1 


1 '516 


SSN; RDMX5 (2755 only) 1 


1 '536 


RSTLB3 1 


1 '517 


SWITCHES 


, PICSTAT 1 


1 '537 


RSTLB4 1 


i '520 


WADTR; 


II REG (2755 only) 1 
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PROCESS INTERVAL TIMER 

The process interval timer is a 48-bit number that represents the time 
that has passed since this process began executing (or, for sj^em 
processes, the time since cold start). The timer represents time in 
imits of 1.024 milliseconds. Bits 1 to 42 of the timer represent the 
time; bits 43 to 48 are reserved for future use. 

Four PGB locations contain timer information; the TIMER register is in 
the User Register File at relative location '30. Table 9-11 describes 
the PCB locations and their contents. 



Table 9-11 
Tljmer Control Information 



PCB Loc 



Name 



I Contents 



'10 to '11 
'16 



'17 



Elapsed Tijner 

Interval Timer 
High 



Interval Tijmer 
Low 



Total time used by this process in 
units of 1.024 msecs. 

Copy of TIMERH from location '30 in 
the current register set. This 
value is the two's complement of 
the niimber of 1.024 msec intervals 
left before the end of the time 
slice. 

Bits 1 to 10 contain a copy of TIMERL 
from location '30 in the current 
register set. This valvie is the 
amount of process time used in 
units of one visec. Bits 11 to 16 
aj?e reserved. 



Timers are accurate to the microsecond. (For some earlier processors 
listed on page 1-1, however, timers are accurate to the millisecond; 
see Appendix B.) The process timer represents the amount of time that 
has passed in the current timeslice. The interval timer contained in 
the register file locations represents the amount of time remaining in 
this timeslice. Figure 9-6 shows how to use these two values to 
calculate the time that has passed since the last reset. 
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UX, EI 

STL SET 

UJA RESET 

RTS 

IMA CURRTS 

SUB RESET 
TGA 

pim 

ADL ET 

SBL SET 



/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 



/* 
/* 
/* 
/* 



load L with value of ET 

save the current value of BT at location SET 

load A with the reset value 

reset the timeslice 

save the reset value in CURRTS, load A with 

previous reset value 
find difference between new, old reset values 
form two's contplement of contents of A 



/* position for addition 



add difference of reset values to contents of ET 
subtract old value of ET from contents of L 
L now specifies the time that has passed since 
the last timer reset. 



Microsecond Timer Example 
Figure 9-6 



Two instructions, RK aixi STEM, manipulate the process timer. Table 
9-12 describes these instructions. (See Appendix B for a discussion of 
RTS, SnM, aj3d the earlier processors listed on page 1-1.) 



Table 9-12 
Process Timer Instructions 



Mnem 


Name 


Modes 


Description I 


RTS 
STiM 


Reset 
Tijneslioe 

Store 
Process Time 


V.I 
V,I 


AflfiiS the contents of A, the interval I 
timer, and the elapsed timer and i 
stores the result Im the elapsed i 
timer. Loads the contents of A i 
into the interval tliter. i 

Stores the contents of the process i 
timer into memory. i 
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DISPATCHER OPERATION 

As mentioned eaxlier, the dispatcher governs most of the actions of the 
FXM. These can be divided into the following steps: 

1. Turning off the process interval timer 

2. Choosing a process to run 

3. Selecting a user register set for that process 

4. Turning the process interval tijner back on 
The paragraphs below elaborate on each of these steps. 

Step 1. Turning off the Process Interval Timer 

As soon as the dispatcher begins to execute, it turns off the process 
interval timer. This timer is located in bits 1 to 26 of location '30 
in the current register set. (See Appendix B for this timer's location 
in the earlier systems listed on page 1-1 . ) It contains a negative 
n\Mber specifying the amount of time left in the current time slice. 
On each tick, this negative valvie is incremented by 1; when the 
incremented value reaches 0, bit 16 of the PCB's abort flags is set to 
1. When a process is dispatched and bit 16 of the abort flags in its 
PCB is set to 1, a process fault is taken. The abort is only effective 
after a process is stopped. This stoppage must be guaianteed by some 
high priority, high frequency process \isurping the machine. In ERIMOS, 
the clock process (and frontstop on multi-stream processors) perform 
this function. 



Step 2. Choosing the Next Process to R\m 

PCBA, contained in PPA, holds information about which process the 
dispatcher should dispatch next. Vhen the dispatcher is first 
activated, it checks PCBA; if PCBA contains a nonzero value, it 
specifies a valid PCB and the dispatcher will dispatch the associated 
process. 

If PCBA contains zero, it is invalid and the dispatcher checks PPB for 
a nonzero valiie. If PPB is valid, the dispatcher will dispatch, that 
associated process. 

If PPB is invalid, the dispatcher must scan the ready list for the PCB 
of the next process to dispatch. The scan begins at the level 
specified by Level A in PPA. If the dispatcher finds a PCB, it changes 
Level A to reflect the level of the found PCB and dispatches that 
process next. If it fiixis no PCB, the ready list is empty and the 
dispatcher idles. 



9-27 Second Edition 



SYSTEM ARCHITBCTURE REF'ERENCE GUIDE 



Step 3. Manipulating User Register Sets 

Onoe the dispatcher has identified the next process to dispatch, it 
niust allocate a \iser register set to the process. Since there are only 
a finite nuinber of register sets, the dispatcher may have to swap one 
register set for another; the new process will require a register set 
other than that used ty the last process. Figure 9-7 shows the 
allocation algorithm that the dispatcher uses for all sjretems itat the 
earlier processors listed on page 1-1. The text in this section 
elaborates on the figure. (Appendix B presents the allocation 
algorithm for these eailier systems.) 

The dispatcher first checks whether the process to be dispatched owns 
the current register set. It looks at the contents of bits 17 to 32 of 
OWNER (location '25 in the current register file). These specify the 
address of the PCB whose associated process owns that register set. If 
OWNERL specifies the address of the PCB associated with the next 
process to run, then this process owns the current register set. The 
dispatcher makes no changes in the current register set before 
dispatcjhing the next process. 

If OWNERL specifies the address of some other PCB, the next process to 
be dispatched does not own the current register set. 

The dispatcher reads the contents of offset 5 in the PCB associated 
with, the next process to run to find the number of the register set 
this process used last. The dispatcher checks OWNER in the register 
set specified by PCB offset 5 to see if the next process to run owns 
this register set. If it does, the dispatcher must make this register 
set the current one. If the next process to run does not own the last 
register set it used, the dispatcher must choose one for it. It 
increments the n\imber of the current register set by 1 (modulo 4 for 
the 6350 and 9750 to 9955 II, and modulo 8 for the 2350 to 2755, 9650, 
and 9655) to form the nuinber of the nisw register set, then makes this 
register set the current one. 



3A. The Save Done Bit : in the case where the process does not own the 
current register set, the dispatcher must load the values of the new 
process' registers into the current register set. Befoie it can do 
this, it must determine whether it must save the old contents of the 
current register set. Bit 16 of the keys contains the Save Done bit. 
If this bit contains a 0, the dispatcher must save the old contents of 
the current register set before restoring the new process to run. 
After the save, the dispatcher loads the new data into the current 
register set, resets bits 15 and 16 of the kej^s (the In Dispatcher bit 
and the Save Done bit) to 0, and loads the program counter with the 
contents of PB. 
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If the Save Done bit contains a 1, the old contents of the current 
37egister set have been saved in the PCB aM register file nemory 
locations, so no further save needs to be done before the new data is 
loaded. After loading the registers, the dispatcher resets bits 15 and 
16 of the keys and loads the program counter from PB. 



5B. Saving the Current Register Set : When the dispatcher ntust save 
the current register set before loading in new data, it saves only the 
registers that contain nonzero values. The contents of these nonzero 
registers are packed together and loaded into the save axea. The save 
mask determines which registers have had their contents saved and the 
exact location of those contents in the PCB. 

Only the currently active register set contains valid information in 
the modals field. Whenever the processor switches register sets, the 
microcode automatically copies the contents of the current modals field 
into the new register set. 



Step 4. Turning On the Process Interval Tljner 

The last thing the dispatcher must do before dispatching a process is 
to turn on the process interval timer. The dispatched process begins 
execution ijirmediately after. 



FETCH CYCLE TRAPS 

At varioiis points during dispatcher execution, the processor checks for 
fetch cycle traps, to allow the system to handle external interrupts. 
For more information about this topic, refer to Chapter 10, INTERRUPTS, 
FAULTS, CHECKS, AND TRAPS. 



SUMMARY 

This Chapter described the actions that occur during process ejojhajige 
for all single-stream processors. 
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Interrupts, Faults, 
Checks, and Traps 



Most Of the time, the processor executes instructions contained in one 
process, then goes on to those contained in another. At some point, 
however, another part of the system may require service; when this 
happens, the processor has to break the flow of control within the 
currently running process and service whatever has interrupted. TMs 
chapter descriles the types of breaks that can occur, aM how the 50 
Series processors service them. 



BREAKS 

Breaks in execution can be caused by four events: 

• An interrupt 

• A f a'ult 

• A check 

• A trap 

The first three types of events are breaks in software execution. The 
last, the trap, is a break in microcode execution. 
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The way in whiGh the processor services a break depends on its type and 
on the current process exchange mode of the machine. When the PXM is 
disabled, the processor handles all software breaks in the same way. 
Interrupts, checks, and favilts all vector through a dedicated Sector 
location to reach their handlers. 

V?hen the EXM is enabled, the processor handles each software break with 
a different protocol. Table 10-1 defines the software breaks and 
briefly describes the protocols that the machine uses to service them. 

Microcode breaks are handled differently. When a trap occurs, it may 
cause a software break, which the processor services to clear the 
microcode break. If no software break is necessary, the processor 
handles the ndcrocode break in a fashion transparent to the currently 
executing process. 



Table 10-1 
Summary of Software Breaks 



1 Break 


Definition 


How Serviced i 


1 Interrupt 


The processor receives 


The currently executing i 




a signal from an 


software does not \asually i 




external device 


cause an interrupt. Code I 




requiring service. 


especially designed for thei 
purpose seivioes the i 
interrupt outside the i 
context of the currently i 
executing process. i 


1 Fault 


The currently executing 


The currently executing i 




software requires 


software usually handles a i 




software intervention. 


fa\alt by mirroring a i 
procedure call to faiilt i 
code. This code services i 
the fault within the i 
context of the current i 
process. i 


1 Check 


The processor detects 


As with interrupts, code i 




an internal consis- 


designed especially for i 




tency problem requiring 


the purpose services the i 




software intervention. 


check outside the context i 




such as an integrity 


of the currently executing i 




violation, a reference 


process. i 




to a nonexistent memory 






module, or a power 






failure. 
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INTERRUPTS 

Interrupts take the form of external Interrupts . As nentioned above, 
actions depend on whether the PKM is enaiiled or disabled. (The earlier 
processors listed on page 1-1 also have memory inorement interrupts as 
discussed in Appendix B.) 



External Interrupts, PXM Disabled 

If an external interrupt occurs when the PXM is disaixLed, the processor 
uses the address specified by the controller (vectored interrupt mode) 
to build a vector as described below. This vector points to the 
interrupt response code (IRC). 

The I/O bus address lines received ty the CPU are interpreted ani vised 
differently based on whether mapped I/O is enabled or not. (The 
controller has no knowledge of whicii of these modes the CPU is 
operating in or of the CPU type.) 

The CPU reax3hes the IRC iy performing an indirect JST through the 
address that is calculated in the ways shown below. 

When the CPU is not in mapped I/O mode, the processor forms bits 1 to 
16 of the address from the contents of the location specified by 
concatenated with BPA 99, 00, and 1 to 16. In this mode, the CPU reads 
physical memory. 

When the CPU is in mapped I/O mode, the processor forms bits 17 to 32 
of the virtvial address from the contents of the location specified ty 
concatenated with BPA 1 to 16. In this mode, the CPU reads Segment 0, 
offset BPA 1 to 16. 

Whether the CPU is in mapped I/O or not, the following rules apply. If 
the address is 0, then a halt occurs aiJd the program counter contains 
the address that it had when the interrupt was processed. Otherwise, 
the following actions occur in this order: bits 1 to 16 of the address 
are cleared; the contents of the program counter are saved at the 
location specified ty the 32-bit address; this address is incremented 
by 1 and loaded in the program counter; interrupts are inhibited. 
Note that the Segmentation Modal determines whether the program is in 
physical memory or in Segment 0. 

Interrupts axe disabled when the IRC begins execution, but all other 
keys and modals remain unchanged. In vectored mode, the IRC must dear 
the ax3tive internipt before reenabling interrupts. After the clear, 
the IRC reenables interrupts, saves the current contents of any 
register it intends to use, and completes the rest of its operation. 
When it is done, it transfers control back to the location whose 
address is contained in the first IRC location. 
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External Interrupts, PXM Enabled 

If an external interrupt occurs when the P5M is enabled, the processor 
uses the address sent ty the controller as a 16-bit offset into a 
segment as described below. 

When PXM is enabled, the processor assinres that segmentation is also 
enabled. The CPU forms the 32-bit address from 4 concatenated with BPA 
I to 16. (This is Segment 4, offset BPA 1 to 16.) The contents of the 
program counter are saved in PSWPB, and the contents of the keys are 
saved in PSWKEYS. (PSWPB and PSWKEYS are the phantom code scratch 
registers. ) The microsecoixi timer is turned off, and the kejrs are set 
to reflect 64V mode. Interrupts are inhibited, the program counter is 
loaded with the 32-bit address. The IRC (called the jbmmediate IRC , or 
phantom interrupt code ) begins to execute. 

Phantom Interrupt Code : Phantom interrupt code gives the processor a 
chance either to perform a trivial task to service the interrupt, or, 
as happens most often, merely to notify the real interrupt h a n dler. It 
is usually only a few Instructions long. An exantple of what the 
phantom interrupt code might look like is shown in Figure 10-1. 



1 Code Purpose i 


Code Sequence 


1 Comments i 


1 Perform trivial 


STA address 


1 Save A register. i 


1 task 


EIO address 


1 Read a 16-bit quantity I 
1 from a device. i 




ABQ address 


1 Add entry to the bottom i 
1 of a queue. i 




IDA add.ress 


1 Restore A register. I 


1 


IRTC 


1 Clear interrupt from I/O i 
1 bus, enable interrupts, I 
1 aM ret\am to normal I 
1 execution. i 


1 Notify 


INBC address 


1 Notify a process, clean i 
1 up the I/O bus, and i 
i enable interrupts. i 



Sample Phantom Interrupt Code Sequences 
Figure 10-1 



Some restrictions govern phantom interrupt code. Since it has no PCB 
that PPA can reference, it does not belong to a process. Also, phantom 
interrupt code saves only PB and the keys. If another interrupt were 
to occur before the phantom interrupt code completed service to a 
previotis interrupt, the contents of PSWPB and PSWKEYS would be 
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overwritten, destroying information aJbout the first interrupt. 
Therefore, interrupts must remain inhibited until the phantom interrupt 
code oampletes. Furthermore, the microsecoM timer is suspended, during 
phantom interrupt code, so the time spent in this code is not accounted 
for. 

Because of these restrictions, the phantom interrupt code can 
completely service only very simple interrupts. If more complete 
service is required, the phantom interrupt code only tvims off the 
controller's interrupt mask, clears the currently active interrupt, and 
notifies the process that will perform the action requested by the 
interrupt . 



Returning From an External Interrupt : When the IRC completes, it 
issues either an interrupt retiim (IRTN, IRTC) if completely finished 
or an interrupt notify (INEN, INEC, INBN, INBC) to notify the real 
interrupt handler. The JRTS restores the keys and PB with the saved 
contents of PSWKEYS and PSWPB, respectively, and enables interrupts, 
leaving the machine state as it was before the interrupt. (Restorojig 
the kes^s also restores the addressing mode to what it was before the 
interrupt.) The interrupt notify (INOTIFY) instructions put the 
machine back to the pre-interrupt state by reloading PB and the keys 
from PSWPB and PSWKEYS, enabling interrupts, and executing the 
appropriate notify instruction. This allows the process exchange 
mechanism to work as if the phantom interrupt code did not happen, 
returning to the code originally interrupted. 

All phantom interrupt code sequences must clean up the I/O bus by 
issuing a GAI signal before interrupts axe reenabled. This can be done 
by using IRTC, INEC, or INBC instructions as appropriate. 
Alternatively, a CAI can be issued in the IRC before exiting phantom 
interrupt code through an IRTN, INEN, or INBN instruction as 
appropriate . 
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FAULTS 



Faults occur when softwaxe tries to perform an action that cannot 
complete without special help. Exairtples of faults are page faults 
(where a reference is made to a page not currently loaded in physical 
meomory) arxi stack overflow or underflow. In all, there aj?e twelve 
classes of faults that can occur. Table 10-2 introduces these classes 
aj3d their suMivisions. 



Table 10-2 
Fault Classes 



Fault 



I 50 Series Systems 



RXM I Restrict mode violation 

Process l Abort flags content does not equal in PCB 
I on dispatch 

Page I Page fault (page not in memory) 

SVC I Supervisor call (superceded ty direct entry calls) 

UII I Unimplemented instruction 

ILL I Illegal instruction 

Semaphore* I Semaphore overflow or underflow 

Access I Violation of segment access rights 

Arithmetic i All FLEX, DEK, and lEX (arithmetic exceptions) 

Stack I Stack overflow/underflow 

Segment i 1: Segment n-umiber too big (SOT too short) 
I 2: Missing segment (SEW fault bit set) 

Pointer l Fault bit in pointer set 



* Unavailable for the earlier systems listed on page 1-1. 
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Fault Handler 

The softwaxe routine that services faults is called the fault handler . 
It is made up of two parts: a group of entrances (one entrance for 
each type of fault) and a common fault routine. When a fault oocjurs, 
execution begins at the entrance for that fault type. The entrance 
microcode sets up conditions applicable to the fa-ult, then transfers 
control to the common handler. This arrangement provides service for 
several types of faults while avoiding the expense of many different 
handlers. 

There are four elements in the fault mechanism: 

• Four fault vectors 

• Four fault tables 

• The Call Fault Handler (CALF) instruction 

• The concealed stack 

The microcode routine uses these foiir elements to convert faults into 
procedure calls to the various service routines. 



Fault Vectors 

The fault vectors occupy locations '62 to '65 and '70 to '73 in the 
PCB. Each vector contains the address of a fault table. (See Fault 
Tables , below. ) The format of the vectors is identical to that of a 
32-bit indirect pointer, as shown in Figure 3-3 in Chapter 3. 

The vectors provide a choice of how to handle a particular fault. For 
exanrple, one process may need to have Ring service a pointer fault, 
vAiile another process defines its own routines in the current ring to 
do the service. Since the vectors are located in the process' PCB, 
different vectors can be specified for processes that need different 
service. Table 10-3 describes the PCB locations that contain the 
vectors. 
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Table 10-3 
PCB Fault Vector Locjations 



1 PCB Log 




Contents I 


1 '62 to 


'63 


Ring fault vector i 


1 '64 to 


'65 


Ring 1 fault vector I 


1 '70 to 


'71 


Ring 3 fault vector i 


1 '72 to 


'73 


Page fault fault vector i 



A separate vector is devoted to page fa-ults, even though page faults 
require Ring service. This allows a system to specify a universal 
page fault handler to handle all page fa-ults that occur within the 
system. If a system \ises a universal page fa-ult routine, make sure 
that all page fault vectors for processes currently within the system 
contain the address of this universal routine, rather than some other 
Ring routine. 

When a fatilt occurs, the program counter is loaded with the fault 
vector in the PCB, incl-uding the ring nimber. This means that fault 
code is not automatically executed in either Ring or the current 
ring: the code in the fault tables may either weaken the ring or go 
through a gate to strengthen the ring. 



Fault Tables 

Eax2h fault vector points to a fault table. Each table contains 12 
8-byte entries, each entry corresponding to one of the types of faults. 
Table 10-4 lists information about the fault table. In this table, the 
Offset column applies when process exchange is enabled; the Vector 
location colxann applies when process exchange is disabled. FOODEH 
(bits 1 to 16 of POCOE) and FAECR axe in each i^er register file. The 
Ring column show« the ring ntimber at the time of the fault, 'rne Saved 
PB column tells whether or not the PB had to be backed up to the 
instruction having the fault 

The fault table for page faults niust always be located in physical 
memory. A pa^e favilt must never result in an unresolved chain of page 
faults. For these reasons, the fatilt table for Ring must exist in a 
defined segment. If it does not, it is possible to have an infinite 
n-umber of segment faults occurring recursively, since the Ring fault 
table for each fault never references a valid segment. 
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TaJ3le 


10-4 














Fault Information 








1 Fault 

1 
1 


1 Nuxn 


1 Offset 


1 Vector 
1 Loc 


1 FUUUKH 

1 


1 FATTR 

1 


1 RiJlg 


1 Saved i 

1 PB 1 


1 RXM 


1 


1 


1 '62 


1 


1 Addrl 


1 Cur 


1 

1 Badksd 1 


1 Process 


1 1 


1 4 


1 '63 


1 ABFIAGS 


— 


1 


Cur 1 


1 Page 


1 2 


1 '10 


1 '64 


1 


Ad(ir2 





Badsed 1 


1 SVC 


3 


'14 


'65 


1 


— 


Cur 


Cur 1 


1 UII 


4 


'20 


'66 


1 Cur RPL 


/Vifirl 


Cur 


Baciked I 


1 Seinapih03?e* 

1 
1 
1 


5 


'24 


'67 


[Underflow 
1 $0; 
1 Overflow 
1 $1 


Aldr of 
Sema- 
phore 





Bac3ked i 

1 
1 
1 


1 TT.T, 


'10 


'40 


'72 


1 Cur RPL 


/Vidrl 


Cur 


Backed i 


1 Access 


'11 


'44 


'73 


1 


/Vidr3 





Backed i 


1 Arith. 

1 


'12 


'50 


'74 


iSee Table 
1 10-10 


AfiriT'4 


Cur 


Cur 1 

1 


1 Stack 


'13 


'54 


'75 


1 


ArifirS 


Cur 


Backed i 


1 Segment 

1 


'14 


'60 


'76 


1 ETAR: 1; 
1 SUif: 2 


Mrir3 





Banked i 

1 


1 Pointer 

1 

1 1 
1 1 
1 1 
1 1 
1 1 


'15 


'64 


'77 


1 PCL: 
1 '100000; 
lElse the 1 
ihigh half 
1 of the 1 
1 faulting 1 
1 pointer i 


Pt Mr 

1 
1 
1 
1 
1 
1 


Cur 


Backed i 

1 
1 
1 
1 
1 
1 






Nc 


)tes to Table 10-4 









* Unavailable for the earlier processors listed on page 
1-1. 

Addr 1: Find the effective address specified ty the 
instruction. 

Addr 2: Virtual address pointing to the missing page. The low 
order 9 bits of the address need not be the offset 
used \ised by the reference causing the fault. 

Addr 3: FAUR contains the address generating the fault. 

Addr 4: See Table 10-10. 

Addr 5: Pointer to the last valid stack extension segment. 
(Can be the root segment, offset 2.) 
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The CALF Instruction 

Each entry in the fault tai)le can contain any type of instruction, but 
usually the instruction is either a HLT or a CALF instruction. When 
the entry contains a HLT, the machine stops every time the fault 
corresponding to that entry occurs. 

When the fault table entry contains a CALF instruction, the format of 
the entry is as shown in Table 10-5. Bytes 3 to 6 of CALF contain a 
pointer to the ECB of a fault routine. CALF uses this pointer to 
transfer control to the fault routine as if the transfer were a normal 
procedure call. The advantages of this are described in Servicing a 
Fault, below. 



Table 10-5 
Format of Fault Table Entries 



Byte I Contents 



1 to 6 i CALF instruction. Bytes 3 to 6 
contain a pointer to the ECB 
of a software fault handler. 

7 to 8 I Resei-ved. 



CALF performs a nonml procedure call where no arguments are expected 
hy the callee. If the callee's ECB specifies arguments, then dummy 
arguments are substituted and loaded into the stack frame. See Chapter 
8 for information about d\Miny arguments. 



The rest of this section describes how a f aiilt is handled 
associated fault vector contains a CALF instruction. 



if the 



The Concealed btaoK 

When a fault occurs, the state of the S3;stem at the time of the fault 
must be saved before the fault can be serviced. The processor uses the 
concealed stack to save information about the S3^tem state at the time 
of a fault. 



Information is stored in the concealed stack in frames, 
contains 12 bytes of infoimation, as shown in Table 10-6. 



Each frame 
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Table 10-6 
Concealed Stpink Frame Format 


1 Offset 


Contents i 


1 to 1 


Program counter (segment #/offset) i 


1 2 


Keys 1 


1 3 


Fault code high (hits 1 to 16) i 


1 4 to 5 


Fault address (segment #/offset) i 



Six iytes of the PCB keep track of the concealed stack frames. These 
Ijytes contain the addresses of the first, last and next available 
frames in the concealed stack. Talkie 10-7 describes these locations. 



Table 10-7 
Contents of PCB Concealed Stack Locations 



Loc I Name i Description 



'74 
'75 



FIRST 
NEXT 



I 



'76 I LAST 

I 
See I — 
dssc I 

I 
I 



Pointer to the first frame in the concealed stack. 

Pointer to the next frame to be used. 

Pointer to the last frame in the concealed stack. 

Six 12-byte concealed stack frames that can go 
anywhere in segment OWNERH + 1 for the 6350; 
they can go anywhere in segment OWNERH for all 
other processors. 



The processor vises a separate stack for faults to simplify handling 
chains of faults. Frequently the CALF instruction for one fault can 
generate another fault, such as a segment fault, when it tries to call 
the fault handler. The CALF for this fault may in turn cause another 
fault, and so on. Instead of using the current segment's stack to 
contain the information about all of these faults, the concealed stack 
is used. Since pointers to the concealed stack are located in the PCB, 
the fault handler can easily access it, and there is no danger of using 
data from an3rt;hing other than a fault frame. (The architecture does 
not support page faults when searching for a PCB or a concealed stack. ) 
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If a chain of faults oocurs, the processor services them in reverse 
order: the last fault to occur is the first to be serviced. 

The concealed stack can accommodate a chain of up to n faults, (n = 6 
in PRIMOS), one fault per concealed stack frame. Maice sure that the 
concealed stack contains enough frames to allow for the longest chain 
of faults that can occur. Since the concealed stack is circular, if 
one more fault occurs than there are concealed stack frames, the frame 
for the latest fault will overwrite that of the first fault. For 
example, suppose the concealed stack contains only four frames, and the 
chain of faults that occurs is: 



pointer (link) fault ->segment fault->stack fault- >segment->page fault 

The frame for the page fault overwrites that of the link fault frame. 
The concealed stack no longer contains the proper information aixmt the 
link fault frame, so the link fault will never be serviced. 



Servicing a Fault 

As with interrupts, the type of favilt service that the processor 
performs depends on whether the PXM is enabled or not. If the PXM is 
disabled, it handles all faults in the same way. It saves the contents 
of the program counter into DSWPB, disables interrupts for one 
instruction (if the faiilt is ultimately to be serviced by a Ring 
handler only), and jumps indirectly (JST) through a fault vector to the 
appropriate handler. 

If the PXM is enabled, the processor must perform a more complex 
routine : 

1. Set up a concealed stack frame. 

2. Change the addressing mode to 64V. 

3. Select a fault vector. 

'i.. i*S^ m SU bliao J-O pUJJ.10» liU uue pxu^J. xa.ua. o uouj-i.C! csiiuij^ . 

Waen a fault occurs, the processor identifies the fault's type ty 
indexing into the fault table. (See Table 10^.) After identifying 
the type of fault, the processor uses NEXT to load the next available 
concealed stack frame with information about the fault. It updates 
NEXT to point to the next available frame, then sets the machine 
addressing mode to 64V (if necessary), and references the appropriate 
fault vector. 

The fault vector contains the staj/ting address of a fault taba.e. x±ifi 
processor adds the offset corresponding to the type of fault to this 
starting address to form the address of a table entry. This entry 
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contains a CALF instruction that points to the BCB of a favat routine. 
If the fault is iiltijnately to be serviced hy a Ring fault haoiLer, 
interrupts are disaJDled for one instruction to allow the CALF 
instruction to execute. If a handler in another ring is to service the 
fault, no such interrupt disable occurs. 

When the CALF instruction begins to execute, it allocates a stack frame 
on the current segment's stack and loads it with the information shown 
in Table 10-8. CALF gets mucli of this information from the current 
concealed stack frame. 

After loading the concealed stack frame into the current segment's new 
procedure stack, CALF pops the most recent frame from the concealed 
stack and sets the flag word to 1. Control is transferred to the 
entrance specified in the BCB. 



Table 10-8 
Format of CALF Stack Frame 



Offset 

1 
2 to 3 

4 to 5 

6 to 7 

8 



Contents 



10 
11 to 12 
13 to 15 



Flag bits. CALF sets this to 1. 

Stack root segment number. 

Return pointer. This is the value 
of PB found in the current 
concealed stack frame. 

SB. This value is imchanged. 

LB. This value is unchanged. 

Keys. This is the value of the 
ke}^ found in the current 
concealed stack frame. 

Address of the location following 
the call. 

Fault code. 

Fault address. 

Reserved. 
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When the haixiler completes, the PRTN instruction transfers control to 
the location specified in offsets 2 to 3 in the current segment stax2k 
frame. Offsets 2 to 3 contain the saved PB value shown in Table 10-4. 
This value and the type of fault that occurred determine the actions of 
the processor after it completes fault service. (For example, the 
processor might retry the instruction that caused the fault . ) 

The ECB specified ty the stack frame in the current segment's stacfc 
must not specify any arguments. It can be a gate or not. 



Summary of Fault Classes 

Table 10-^ listed the twelve types of faults. Table 10-9 briefly 
describes what ca-uses each type. 
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Table 10-9 
Suiraneury of Fault Classes 



FaxiLt 



I Cause 



Souroe of Fault 



RXM I Non-ring process tries to exe- 
cute a restricted instruction 
when restricted mode is enabled 

Process i Offset 4 in the PCB does not 
contain upon dispatch. 

Page I Reference made to page with 

missing bit reset to 0. This 
usually indicates that the page 
is not in physical memory. 

UII I Processor tries to execute an 
instruction that is not 
implemented on this machine. 

Semaphore* i A semaphore has either overflowed 
due to many notifies, or has 
underflowed due to too many 
waits. 

Hi I Processor tries to execute an 
illegal instruction. 

Access I Reference made to a segment with- 
out the proper access rights. 

Arithmetic I Integer, decimal, or floating- 
point exceptions. 

Stack I Stack overflow or underflow has 

occurred. 
Segment i Either the specified segment 

number is too big, or the 

segment is missing. 
Pointer i The fault bit in the specified 

pointer is 1, indicating an 

invalid pointer. 



Hardware; from 

microcode 

independent 

action code. 
Dispatch microcode 

test. 
STLiB update 

microcode test. 



Decode net or 
microcode branch. 

NOTIFY or WAIT 
microcode. 



Decode net or 

microcode branch. 
STUB update 

microcode test. 
If lEX, hardware; 

if not, explicit 

microcode test. 
PCL microcode. 

STLB update 
microcode test. 

IP processing in 
ARGT fetch 
microcode. 



Unavailable for the earlier processors listed on page 1-1. 
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Arithmetic Exoeptions 

The arithitetic exceptions (integer, floating-point, and decimal) 
require more explanation than is given in Table 10-9. Tbese three 
exceptions determine what tjTpe of action occurs when an arithmetic 
overflow, divide ty zero, or other such condition exists. Three bits 
in the keys select what action shoiild occur: 

• Bit 7 in the "keys specifies the action that is to occur if a 
floating-point exception occurs. 

• Bit 8 determines the action that should follow an integer 
exception. 

• Bit 11 determines the action that should follow a decimal 
exception. 

When any of these exoeptions occur, the processor ohecks the value of 
the corresponding bit in the keys. In the case of integer and decimal 
exceptions, a in the corresponding bit tells the processor only to 
set CBIT to 1. When the corresponding bit in the keys contains a 1, 
the processor not only sets CBIT to 1, but also loads three 
registers — FCDDEH, FOCDEL, and FADCR — with appropriate values, and 
services the fault. 

The processor takes the same actions when a floating-point exception 
occurs, except that when bit 7 in the kes^s contains a 1, the processor 
only sets CBIT to 1. When bit 7 contains a 0, the processor both sets 
CBIT to 1 airi. services the exception. 

FADCR, FOQDEH, and PCXXEL axe located in the user register file. When 
the processor loads these registers. POOOEL always contains a '50, 
which iixiicates that an arithmetic fault has occurred. POODEH contains 
a code that identifies the specific exception that has occurred. FADER 
contains a pointer to the instruction that caused the exception, a 
pointer to the address used ty the faulting Instruction, or 0. Table 
10-10 lists the codes aM the faults they indicate. 

For the earlier processors listed on page 1-1, see Appendix B for the 
auctions taken when an integer overflow exception occurs. 
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Table 


10-10 






Arithmetic Exception Codes 


1 Data Type 
1 


1 Exception Type 


1 FUUIMI 


1 FATITR 1 


1 Single 


1 Exponent overflow 


1 $100 


1 Address of faulting i 


1 precision 


1 




1 instruction i 


1 floating- 


1 Divide by 


1 $101 


1 Address of faulting I 


1 point 


1 




1 instruction i 


1 


1 Store exception on 


1 $102 


1 Memory address used I 


1 


1 FST instruction 




1 try FST 1 


1 
1 


1 INT exception 

1 


1 $103 


1 Address of faultijog I 
1 instruction i 


1 


1 Intrinsic function 


1 $500 


1 Address of faulting i 


1 
1 


1 exception 
1 




instruction i 

1 


1 Double 


1 

1 Overflow or 


$200 


1 
Address of faulting I 


1 precision 


\]nderflow 




i nstruction i 


1 floating- 


Divide by 


$201 


Address of fa,iilting i 


1 point 






instruction i 


1 


Intrinsic function 


$600 


Address of faulting i 


1 
1 


exception 




instruction i 

1 


1 Integer 


Integer overflow 


$300 


1 

1 


1 
1 
1 


Divide by 


$301 


Address of faulting i 
instruction i 


1 Decoma,! 

1 


Decimal overflow* 


$700 


Aifiress of faulting i 
instruction i 


1 

1 1 


Divide iy i 


$701 1 


Address of faulting I 
instruction i 


1 1 


Conversion i 


$702 1 


Address of faulting i 


1 1 

1 1 


exception i 




instruction i 


1 Quad 1 


Overflow or i 


$800 1 


Address of faulting I 


1 precision I 


underflow i 




instructinn i 


1 floating- 1 


Divide by i 


$801 1 


Address of faulting i 


1 point 1 






instruction i 


1 1 


QINQ exception i 


$803 1 


Address of faulting I 


1 1 






instruction i 



* See Appendix B for decimal overflow FOQDEH contents for the 
earlier processors listed on page 1-1. 
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CHECKS 



The last section descrlJDed how problems in a prooess or procedure cause 
faults. When problems arise with the state of the S3?stem itself, a 
checlc occurs. These problems may not be visible to the currently 
executing procedure, or they may be serious enough to terminate the 
entire system's operation. There are six types of checks: 

• Power failure 

• Memory parity error 

• Machine checfc 

• Recoverable machine check (6350, 9955, and 9955 II only) 

• Missing memory modvile 

• Environmental (2350 to 9955 II only) 

The power supply for the system initiates a power failure check when AC 
power fails. The Gheck indicates that 20 milliseconds of DC power 
remains before all power is gone. 

The memory error checking logic issues a memory paxity error check when 
it detects a memory parity error or an uncorrected error correction 
code (BOCU) error. 

The CPU issues a machine cbeck when it detects an Internal parity error 
or (for the 6350 only) a problem in the microcode. For the 6350, 9955, 
and 9955 II only, the CPU issues a recoverable machine cJheck when it 
detects a recoverable parity error in the STLB or cache. 

The MCU initiates a missing memory mod\ile checik when a program tries to 
access nonexistent physical memory. 

Environmental sensors are supported only ty the 2350 to 9955 II and 
consist of a diagnostic/maintenance processor system that supports 
inputs from the UPS (uninterruptoble power supply) system and 
environmental sensors. This system allows the processor to be brougjit 
to an orderly shutdown in the event of such things as an 
overtemperature or a main AC power loss with messages appearing on the 
supervisor terminal. 

Several types of environmental sensors are listed in Table 10-11. An 
environmental sensor check uses the same check vector and DSWSTAT as 
power failures, which are presented later in this chapter. In 
addition, each environmental sensor that produced the check has its own 
check code as shown in Table 10-11. An environmental check code is 
stored in register 26L (CHKRBG) , which is valid only after a processor 
check has been issued. (All other checks store in that register.) 
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Table 10-11 
Environmental Check Codes* 



1 Environmental Check 
1 


1 Processors 


Code 1 


1 Power supply temperatirre 


1 6350 


$00 1 


1 Processor board temperature 


1 2350 to 9955 II 


$01 1 


1 Maintenance processor temperature 


1 2350, 2450, and 6350 


$01 1 


1 Ambient temperature 


6350 


$02 1 


1 Cabinet temperat\ire* * 

1 


2350 to 2755, arvi 
9650 to 9955 II 


$02 1 


1 Air flow 


2350 to 9955 II 


$04 1 


1 UPS/Battery backup*** 


2350 to 9955 II 


$08 1 


1 Soft ^stem shutdown request 


2350, 2450, a.Tvi 6350 


$10 1 


Notes to TalxLe 10-11 





* Environmental sensors are not supported by the earlier 
processors listed on page 1-1. 

** For the 6350, the function provided by the cabinet 
temperature sensor is combined with the airflow sensor, atxi 
the check code is $04. 

"** Battery backup capability is supported only for the 6350. 



Power Supply Overtemperature (6350) : When an overtemperature coixiition 
is detected on the power supply, the maintenance processor initiates an 
iJDtunediate system powerdown that includes powering down the processor. 

Processor Board Overtemperature : When an overtemperature condition is 
detected on the processor board, the maintenance or diagnostic 
processor initiates an ijnmediate system powerdown that includes 
powering down the processor. 

Maintenance Processor Overtemperature (2350, 2450, 6350) : When an 
overtemperatvire condition is detected on the maintenance processor, the 
maintenance processor initiates an immediate S37Stem powerdown that 
includes powering down the processor. 
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Ainbient Overtagrperature (6550) : When the temperature of the air 
surrounding the 6350 is too high, the maintenaoe processor initiates an 
orderly system shutdown ty sending the processor an environmental check 
code that initiates the PRBDS system shutdown. The maintenance 
processor waits for a CPU halted message or for a specified timeout : 5 
minutes for the 2350, 2450, and 6350; 10 minutes for the 2550 to 2755, 
and the 9650 to 9955 II. 



Cabinet Overtemperature anA Airflow Sensors : When the cetbinet 
temperat-ure is too high or the airflow sensor detects a failure in the 
cabinet blowers, the maintenace or diagnostic processor initiates an 
orderly system shutdown by sending the processor an appropriate 
environinental check code that initiates the PRIMOS system shutdown. 

The diagnostic processor waits for a CPU halted message or for a 
specified timeout (10 minutes for cabinet overtemperature, 1 minute for 
air blower failvire). If an air blower failure occurs while there is 
more than 1 minute to tiaeout, the timeout is set to 1 minute. 



Uninterruptable Power Supply (UPS) Support: The UPS uses two signals, 
UPS active and UPS battery low . UPS active means that main AC power 
has been interrupted. The low battery condition means that several 
minutes remain before sj^em power is lost. 

When the UPS is powering the entire system, incl\jding peripherals, and 
a battery low condition occurs, the diagnostic processor sends a 
processor check to the CPU, and waits for a CPU halt or for up to 5 
minutes before powering down the sjTStem. 

When a UPS active condition occurs and the UPS is powering only the 
CPU, memory, and diagnostic processor, the diagnostic processor sends a 
power failure signal to the processor, causing the processor to log the 
power failure condition and then halt. 

Battery Backup Capability (6350) : When the 6350 experiences a power 
failure, its battery backup capability is able to supply power to the 
memories, maintenance processor, and memory refresh logic of the CPU. 

Soft System Shutdown Request (2550, 2450, 6550) : When a user powers 
down the processor without first shutting down PRIMOS, the maintenance 
processor shuts down PRIMOS in an orderly manner. 



Cbeck Handler 

T.ikA the fault handler, the check handler is made up of a group of 
entrances, one for each type of check, and a common check routine. To 
service checks, it uses a check header , check vectors , a diagnostic 
status word, aod the MGM field of the modals. 
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C!becik HSaxier : The 50 Series processors use a 16-hyte save area in 
memory to oontain information gibout the sjTStem. This check header is 
located in segment 4 (the interrupt segment). Table 10-12 shows the 
format of the check block. 



Table 10-12 
Gheck Header Format 



Offset I Contents 
PBH, PEL 



to 1 
2 to 3 
4 to 7 



KEYSH, KEYSL (modals) 

Software code (possibly a JST instruction) 



Check Vectors 



_ Segment locations starting at '200 can contain the 
vectors. Check vectors are 16-bit indirect pointers with 

The 50 Series processors use these 



four check 

the format shown in Figure 3-4 

vectors in check handling only when PXM mode is disabled. 



Diagnostic Status Words : The 50 Series processors also use a group of 
32-bit registers called the diagnostic status words (DSWs). The check 
ha n dler uses the DSWs as a source of information about the ss^tem as it 
was when the check occurred. The format of the each DSW register is 
shown in the following tables. (For the DSWPARTIYs and DSWSTATs of the 
earlier systems listed on page 1-1, see Appendix B.) 



DSW Register 


System 


Table 


DSWPARITY 


6350 


10-13 


DSWPARITY2 


6350 


10-14 


DSWPARITy 


9750 to 9955 II 


10-15 


DSWPARITY 


2350 to 2755, 9650, and 9655 


10-16 


DSWSTAT 


6350 


10-17 


DSWSTAT 


9750 to 9955 II 


10-18 


DSWSTAT 


2350 to 2755, 9650, and 9655 


10-19 


DSWRMA 


All 50 Series 


10-20 


DSWPB 


All 50 Series 
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Tai3le 10-13 
Format of DSWPARITY Register for the 6350 



Bits I Name 



I Dsscription 



2 to 7 
8 to 10 



11 
12 

13 
14 to 16 



I/O Parity 
Error 



I/O Parity 
Error Code 

POC Parity 
Error Code 



Interrupt 

Parity Error 
Decode Net High 

Parity Error 
Decode Net Low 

Parity Error 
E Unit Parity 

Error Code 



Bit 3: 
Bit 4: 



If 1, the control store reported an I/O 
parity error. Sets bits 2 to 7 to 
specify the location of the error: 
Bit 2: BPD high side, left byte 
BPD high, side, right lyte 
If DSffPARITY bit 11 set to 1, 

BPA high left byte 
If DSWSTAT bit 15 set to 1, 
BPA high left byte or 
BPD low left byte 
Otherwise, BPD low left byte 
Bit 5: If DSWPARITY bit 11 set to 1, 
BPA high right byte 
If DSWSTAT bit 15 set to 1, 
BPA high right byte or 
BPD low right byte 
Otherwise, BPD low right byte 
Bit 6: BPA, detected by PIOS board 
Bit 7: BPD, detected by PIOS board 
Specifies the location of the I/O parity 

error. See bit 1 above for details. 
If DSWSTAT bit 12 is set to 1, these three 
bits contain the ROC parity error code: 
000: FRCCPEl 
001: FR0CPE2 
010: ER0CPE3 
Oil: FR0CPB4 
100: FR0CPE5 
101: FR0CPB6 
110: FR0CPE7 
111: FR0CPE8 
If 1, the parity error occurred in an 

interrupt . 
If 1, the control store reported a parity 

error in the decode net's high side. 
If 1, the control store reported a parity 

error in the decode net's low side. 
Describes the E unit parity error status: 
000: no error 
001: no error 
010: BAH parity error 
Oil : BAL parity error 
100: BAE parity error 
101: BBH parity error 
110 : BEL paxity error 
111: BEE parity error 
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Teible 10-13 (continued) 
Format of DSWPARITY Register for the 6350 



Bits 


1 Name 


1 Description i 


17 


1 Lost Memory 


1 If 1, the memory control unit reported a i 




Error 


lost error. i 


18 


Memory AcMress 


Specifies the address size of a slot in 1 




Shift Control 


the memory backplane: i 
0: 8-megahyte slot decode i 
1: 16-megaiyte slot decode i 


19 to 26 


Memory Array 


A 1 in any of these bits specifies the i 




Error 


memory axray that repoirted the error: i 
Bit 19: Memory array number 1 I 
Bit 20: Memory axray number 2 I 
Bit 21: Memory ai'ray number 3 i 
Bit 22: Ifemory axray number 4 i 
Bit 23: Memory array number 5 1 
Bit 24: Memory axray number 6 I 
Bit 25: Memory axray number 7 I 
Bit 26: >femory array number 8 i 


27 to 32 


Memory Control 


A 1 in any of these bits specifies the i 




Unit-Reported 


error reported ty the memory control 1 




Errors 


unit: 1 
Bit 27: EB parity error i 
Bit 28: BD paxity error I 
Bit 29: BIP in paxity error i 
Bit 30: BIP out parity error I 
Bit 31: memory time out error i 
Bit 32: CIT error I 
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Table 10-14 
Format of DSWPARnY2 Register for the 6350 



Bits I Name 
1 to 4 



Description 



5 to 8 
9 

10 



11 to 22 



IS Unit-Reported 
Memoiy Errors 



Fatal Cache 

Parity Error 
Branch Cfeuihe 

Recoverable 

Error 
IS Unit-Reported 

Cache Parity 

Errors 



A 1 in any of these bits specifies the 
error reported by the IS unit: 
Bit 1: BEE left parity error 
Bit 2: BDH right parity error 
Bit 3: BEL left parity error 
Bit 4: BDL right parity error 
Cur3?ently unused. 
If 1, the control store reported a fatal 

cadhe parity error. 
If 1, the control store reported a 
branch oachB recoverable error. 

A 1 in any of these bits specifies the 
cache parity error reported by the IS 
unit: 
Bit 11: cache data parity error on 

Element B even data low tyte 
Bit 12: cache data parity error on 

Element B odd data low byte 
Bit 13: cache data parity error on 

Element A even data low tyte 
Bit 14: cache data parity error on 

Element A odd data low byte 
Bit 15: cache index parity error on 

Element B low byte 
Bit 16: cache index parity error on 

Element B high byte 
Bit 17: cache data parity error on 

Element A even data high byte 
Bit 18: cache data parity error on 

Element A odd data high byte 
Bit 19: cache data parity error on 

Element B even data high byte 
Bit 20: cache data parity error on 

Element B odd data high byte 
Bit 21 : cadhe index parity error on 

Element A high tyte 
Bit 22: cache index parity error on 

Element A low tyte 
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Table 10-14 (continued) 
Format of DSWPARITYS Register for the 6350 



Bits 



Name 



Description 



123 to 321 



IS Unit-Reported 
STLiB Parity 
Errors 



A 1 in any of these bits specifies the i 
STLB parity error reported by the IS i 
unit: I 

Bit 23: STLB parity error on Element Bl 

phj^ical addiess low tyte i 
Bit 24: STLB parity error on Element Ai 

physical address low byte i 
Bit 25: STLB parity error on Element Bl 

access bits i 

Bit 26: STLB parity error on Element Bl 

process ID i 

Bit 27: STLB parity error on Element Bl 

virtual address tag I 

Bit 28: STLB parity error on Element Ai 

phjTSioal address high lyte i 
Bit 29: STLB parity error on Element Bl 

phjTsical address high byte i 
Bit 30: STLB parity error on Element Ai 

access bits i 

Bit 31: STLB parity error on Element A I 

process ID i 

Bit 32: STLB parity error on Element Ai 

virtvial address tag i 
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Table 10-15 
Format of DSWPARITY Register for the 9750 to 9955 II 



1 Bits 1 


Name 


1 


Description i 


1 1 1 


ROCPER 




If 1, the control store detected an ROC i 

parity error. Sets bits 3 to 8 of i 

DSWPARilY to reflect the state of the i 

parity error: i 

Bits 3 to 5: encoding of ROC parity i 

error bits 1 to 8 I 

Bit 6: logical CR of ROC parity i 

bits 1 to 8 1 

Bi,t 7: ROC parity error bit 9 I 

Bit 8: 1 


1 2 1 


lOPKR 




If 1, the control store detected an I/O I 

parity error. Sets bits 3 to 8 of I 

DSWPARITY to reflect the state of i 

the I/O parity error: i 

Bit 3: error is in left tyte of I 

either BPA or BPD i 

Bit 4: error is in right byte of I 

either BPA or BPD i 

Bit 5: UHJ detected a parity error i 

on BPD 1 

Bit 6: CPU detected a parity error i 

on BPA 1 

Bit 7: controller detected a parity I 

error on BPD i 

Bit 8: controller detected a parity i 

error on BPA i 


1 3 to 8 


Paxity Error 


Specifies information about the ROC or i 




Corle 




I/O pa-rity error that occurred. See i 
bits 1 a,nd 2 above for specifics. I 


1 9 


— 




Currently unused. I 


1 10 


RRH Left Byte 


If 1, the El board detected a parity i 




1 Parity 


Error 


error on BBH, left byte. i 


1 11 


1 RRFT right Bj^e 


If 1, the El board detected a parity i 




1 Paxity 


Error 


1 error on RF5H, right hyte. i 


1 12 


HKI, Left 


Byte 


1 If 1, the El board detected a parity i 




1 T^r^i^'? +*»» 


^•nnnr^-n 


1 rvrrrtrvrt rwn VtBtt . T Q*+- VnT+O 1 




1 X'GUi.M.U^ 


i:u.xux 


1 ^3J.XWX v^.u A.w.M-i» j.\>J.\f j^jr WW . 


1 13 


1 HHT. Right Byte 


1 If 1, the El board detected a parity i 




1 Parity 


Error 


1 error on HKI., right byte. I 


1 14 


1 BAH Parity 


1 If 1, the El board detected a parity i 




1 Error 




1 error on BAH. I 


1 15 


1 BAL Parity 


1 If 1, the El board detected a parity i 




1 Error 




1 error on BAL. I 


1 16 


1 BAE Parity 


1 If 1, the El board detected a parity i 




1 Error 




1 error on BAE. i 
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Table 10-15 (continued) 
Format of DSWPARITY Register for the 9750 to 9955 II 



Bits I Name 



I Description 



17 



18 



19 



120 to 23 

24 

25 

126 to 28 



HD Parity 
Error 



Memory Data 
P8U?ity Error 



Jfemory Address 
Parity Error 



Paxity Error 
Code 



MC ECCU 
Error 
I Unit Error 

I Unit Error 
Code 



If 1, the memory control unit detected 
a paxity error on BD. Sets bits 20 to 
23 to reflect the error's location. 

Bit 20: BDH, left tyte 

Bit 21: BCH, right byte 

Bit 22: BDL, left byte 

Bit 23: BDL, right tyte 
If 1, the memory control unit detected a 
latched memory data error. Sets bits 
20 to 23 of DSWPARITY to reflect the 
error's location: 

Bit 20: mm, left byte 

Bit 21: usm. right iyte 

Bit 22: I2IDL, left hyte 

Bit 23: IM3L, right byte 
If 1, the memory control imit detected 
a latched memory address error. Sets 
bits 20 to 23 of DSWPARITY to reflect 
the error's location: 

Bit 20: MGADCR, high tyte 

Bit 21: MCADCR, low byte 

Bit 22: MGADDR, extended tyte 

Bit 23: unused 
Specifies information about the BD, 
memory data, or memory address parity 
error that occurred. See bits 17, 18, 
and 19 above for specifics. 
If 1, the memory control unit detected 

an BOG uncorrectable error. 
If 1, the I imit detected an error. 
Bits 26 to 28 describe the error. 

000: no error 

001: currently unused 

010: currently unused 

Oil: decode net, right tyte 

100: decode net, left tyte 

101: base register file high 

110: base register file low 

111: index register file 
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TsLble 10-15 (contin-ued) 
Format of DSWPARTIY Register for the 9750 to 9955 II 



Bits 



Name 



Description 



29 

30 to 32 



F or S Unit 

Error* 
F or S Unit 
Error Bits* 



If 1, the F or S unit detected an error. 
Bits 30 to 32 descrile the error. 

For the 9955 and 9955 II only: 
000: no error 

001: LPID out of STLB in error 
010: LBPA out of STLB in error 
Oil: LBVA out of STLB in error 
100: ARR out of STLB in error 
101: caxshe index 
110: cache data high side 
111: cache data low side 

For the 9750 to 9950 only: 

000: PID or STLB control bits 
001: LBPA out of STLB in error 
010: cache index, right 16 bits 
Oil: cache index, left 16 bits 
100: cache data high side 
101: cache data low side 
110: LBVA out of STLB in error 
111: branch, cache parity error 



*The F board for the 9955 aixi 9955 II; the S unit for the 9750 to 9950. 
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Table 10-16 

Format of DSWPARrTY Register 
For the 2350 to 2755, 9650, and 9655* 



Bits 


Nsune 


Description I 


1 


Wide Woid Mode 


If 1, then the last memory operation i 
performed was wide word. I 


2 


Interleaved 


If 1, then the last memory operation I 
error. i 


3 


STLB 


If 1, an bTLB parity error occurred. i 


4 


Cache Index 


If 1, a cache index parity error i 
occurred. i 


5 


Cache Data 


If 1, a cache data even parity error I 




Even 


occurred. i 


6 


Cache Data Odd 


If 1, a cache data odd parity error I 
occurred. i 


7 


BMD B Board 


If 1, a BMD backplaiie parity error i 
occurred. I 


8 


BPD B Boaid 


If 1, a BPD backplane parity error i 
occurred. i 


9 


RFH Left Byte 


If 1, an RFH left tyte parity error i 
occurred. i 


10 


RFH Right Byte 


If 1, an RFH right tyte parity error i 
occurred. i 


11 


RFL Left Byte 


If 1, an RFL left tyte parity error i 
occurred. i 


12 


RFL Right Byte 


If 1, an RFL right byte parity error i 
occurred. i 


13 


RFH Late 


If 1, an RFH parity error occurred i 
during the late cycle. i 


14 


RFL Tfl,te 


If 1, an RFL parity error occurred i 
during the late cjTcle. i 


15 


BMD or BED 


If 1, a BMD or BPD parity error occurred I 




A-Board 


as read onto the A-board. i 


16 


BMA or BPA 


If 1, a BMA or BPA parity error occurred i 




A-Board 


as read onto the A-board. i 


17 


RCM** 


If 1, an RCM parity error occurred. i 


18 


BMA** 


If 1, a BMA parity error occurred. i 


19 


BPA** 


If 1, a BMA parity error occurred. I 


20 to 32 




Reserved for future use. i 



* All parity errors mentioned in this table axe single bit. 
** Unused ty the 2350 to 2655, 9650, and 9655. 
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Table 10-17 
Format of DSWSTAT Register for the 6350 



Bits I Name 



Description 



1 
2 
3 

4 

5 
6 
7 

8 

9 

10 

11 
12 

13 to 14 

15 

16 
17 to 23 

24 



25 
26 

27 



29 

30 
31 
32 



Qiecik Immediate 
Maahine Check 
Memory Parity 
Missing Memory 

Module 
E Unit 
IS Unit 
CS Unit 

MC Unit 

EOCU 

EOOC 

ROM Parity 

RPBU 

EMx Operation 

I/O Operation 

BOC Syndrome 

Bits 
Memory Module 

Number 

RMA Invalid 
Recoverable 

Parity Error 
Hard Parity 

Error 

Internal Error 

Dual Conf ig 
Slave Error 
Ifemory Bus Code 



If 1, the check was taken airanediately. 
If 1, a maxdiine check occurred. 
If 1, a memory parity error occurred. 
If 1, a missing memory module caused the 

check. 
If 1, the E unit reported a parity error. 
If 1, the IS unit reported a parity error. 
If 1, the control store board reported a 

parity error. 
If 1, the memory controller unit reported 

a paxity error. 
If bits 3 ajnd 9 are both 1, the memory 

parity error was EOC uncorrectable. 
If bits 3 and 10 are both 1, the memory 

parity error was EOC correctable. 
Currently \m\ised. 
If 1, an RCM parity error was detected ty 

the control store board. 
Specifies the RP backup count at the tijcne 

of the error. 
If 1, a TMx. transfer was in progress when 

the error occurred. 
If 1, an I/O operation was in progress 

when the error occurred. 
A memory parity error occurred as encoded 

in these bits; see Table 10-27. 
If a memory error occurred, this bit 

identifies the interleaved memory module 

with the error (bit 15 of address). 
If 1, the contents of DSWRMA are invalid. 
If 1, a recoverable parity error occurred 

in the cadie, STLB, or branch cache. 
If bit 26 is 1 and this bit is also 1, a 

recoverable hard paxity error occurred. 

There is a permanent error in hardware. 

OUX J. CU UJ.y LUlUOCTa . 

If 1, the microcode detected an internal 
error. DSWRMA has a code that indicates 
the failing microcode algorithm. 

If 1, a dual processor had both CPUs 
running at the time of the error. 

If bit 30 is 1 and this bit is also 1, 
the slave processor reported the error. 

Specifies the memory bus with the error 
(bit 14 of the address) . 
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TSLble 10-18 
Format of DSWSTAT Register for the 9750 to 9955 II 



Bits 


Name 


Description i 


1 


Check. Immediate 


If 1, the check was taken Ijnmediately. i 


2 


Machine Ghedk 


If 1, a maxshine check occurred. i 


3 


Memory Parity 


If 1, a memory parity error caused I 
the check. i 


4 


Missing Memory 


If 1, a missing memory module caused I 




Module 


the check. i 


5 


El Unit 


If 1, the El boaxd reported a pa.-rity I 
error. i 


6 


F or S Unit* 


If 1, the F or S unit reported a paxity i 
error. i 


7 


I Unit 


If 1, the I unit reported a parity error, i 


8 


MC Unit 


If 1, the memory controller unit reported I 
a parity error. i 


9 


EOCU 


If bits 3 and 9 are both 1, the memory I 
parity error was BOG uncorrectable. I 


10 


ECXXJ 


If bits 3 and 10 are both 1, the memory i 
parity error was BOG correctable. i 


11 


CS Unit 


If 1, the control store board reported i 
a parity error. i 


12 


RCM Parity 


If 1, an RCM parity error was detected I 
by the control store board. I 


13 to 14 


RPBU 


Specifies the RP hRnkup count at the i 
time of the error. i 


15 


EMx Operation 


If 1, a EMx transfer was in progress i 
when the error occurred. i 


16 


I/O Operation 


If 1, an I/O operation was in progress i 
when the error occurred. i 


17 to 23 


BCC Syndrome 


If a memory parity error occurred, i 




Bits 


these bits describe the error. i 
See Table 10-28. i 


24 


Memory Module 


If a memory error occurred, this bit i 




Number 


identifies the interleaved memory I 
module that contai.ned the error (bit I 
15 of address at time of error). i 


25 


RMA InvR,1i(i, 


If 1, the contents of DSWRMA are invalid. I 


26 


Recoverable 


For the 9955 and 9955 II: If 1, a I 




Machine Check 


recoverable machine check occurred. i 

For the 9750 to 9950, this bit is i 

currently unused. i 


27 to 32 


— 


Currently unused. i 



* The F board for the 9955 and 9955 II; 
the S unit for the 9750 to 9950. 
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Table 10-12 

Format of DSWSTAT Register 
For the 2350 to 2755, 9650, and 9655 



1 Bits 1 


Name i 


Description i 


1 1 1 


Check Iinmediatei 


If 1, the check was taJsen immediately. i 


1 2 1 


Machine Check i 


If 1, a machine check occurred. 1 


1 3 1 


Ifemory Parity i 


If 1, a memory parity error caused the i 
check. 1 


1 4 1 


Missing Memory i 


If 1, a missing memory module error i 




Module 1 


caused the check. i 


1 5 to 7 1 


Machine Check i 


The haMware detected the cause of the i 




Code 1 


trap as follows: i 
000: none I 
001: BPD parity 1 
010: BMD parity 1 
Oil: cache data I 
100: BPA pa,rity 1 
101: STLB parity i 
110: BMA parity i 
111: A-board parity 


1 8 


NUT RGM 


If 1, the error did not occur .in the 
control unit memoiy. 


1 9 


BOCU 


If bits 3 a.Tvi 9 axe both 1, the memory 
parity error was HOC uncorrectable. 


1 10 


ECOC 


If bits 3 aM 10 axe both 1, the memory 
paxity error was EOC correctable. 


1 11 


BUP INV 


If 1 , the RP hanlmp count in bits 12 to 
14 is invalid. 


112 to 14 


RP BAK 


Specifies the RP backup count, which is 
the amount DSWPB was incremented in 
the cuxrent instruction. 


1 15 


EMx Operation 


If 1 , a EMx tra.nRf er was in progress 
when the error occurred. 


1 16 


I/O Operation 


If 1, an I/O operation was in progress 
when the error occurred. 


117 to 21 


1 EOC Syndrome 


If a memory paxity error occurred, these 




1 Bits 


bits describe the error. Used with the 
1 the overall paxity bit in Table 10-29. 


1 22 


1 Overall Parity 


1 The value of this bit indicates the 
1 overall paxity. Used with the EOC 
1 s37n±rone bits in Table 10-29. 


1 23 


1 — 


1 Cuxrently unused. 


1 24 


1 Memory Module 


1 The low order adflress bit of the modiile 




1 Number 


1 indicated in error. 


1 25 


1 RMA Invalid 


1 If 1, the contents of DSWRMA axe invalid. 


126 to 32 


1 — 


1 Cuxrently unused. 
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Table 10-20 
Format of the DSWRMA Register for All 50 Series Sj^stenis 



Bits I Description 



1 to 32 



This is the DSW memoiy address register. Its validity 
and format axe presented below. 

Validity for All 50 Series : 

Valid if an EOOC, BOOT, recoveraisle macihine cheGk (6350, 
9955, and 9955 II only), or missing memoiy module 
check occurred. 

Invalid if any other checks occurred, or if no check 
occurred. 

Format If Valid ; 

Note: In the event of multiple checks, DSWEIMA is the 

RMA of the missing memory modiile checik if there is 
one. If not, it is the RMA of the machine or BOC- 
imcorrected check (they are mutually exclusive) if 
there is one. If not, it is the RMA of the BOC- 
corrected check. 

For 6350, 9955, and 9955 II Only: 

For a recoveraMe machine checjk, DSWRMA contaii^ a 
32-bit virtual address at the tijne of an STLB paxity 
error; when a soft cache parity error is reported, 
ESWRMA is cleared to 0; for a hard cache parity error 
(6350 only) , DSWRMA contains the cache index address 
that corresponds to the cache data with the error. 
Vhen an internal error is reported (6350 only), DSWRMA 
contains a code for the microcode error. For all 
other checks, DSWRMA bits 4 to 16 contain bits 1 to 
13 of a physical address at the tijne of the error. 
Bits 17 to 32 of DSWRMA contain 0. 

For 9750 to 9950: 

DSWRMA bits 4 to 16 contain bits 1 to 13 of a physical 
address at the time of the error. Bits 17 to 32 
contain 0. 

For Rest of 50 Series: 

DSWRMA contains a 32-bit virtual address at the time 
of the error. 
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Table 10-21 
Format of the DSWPB Register for All 50 Series Ss^stems 



Bits 




Description 



Ahjays valid. The format is the extended program 
counter (ring, segment, offset). In the event of 
multiple checks, DSWPB is the program counter of the 
missing memory module check, if there is one. If 
not, it is the program counter of the machine or BOC- 
\mcorrected check (which axe mutually excl\isive) if 
there is one. If not, it is the program counter of 
the EOC-corrected check. 



Each time the processor performs a check (except for power failure) , it 
sets particular register file locations to reflect the contents of the 
DSW, as shown in TaixLe 10-22. 



Tatole 10-22 
DSW Value After Checks 



1 RF Location* 


CkDntents 


1 '24 


DSWPARITY2** 


1 '27 


DSWPARITY*** 


1 '34 


DSWRMA 


1 '35 


DSWSTAT 


1 '36 


DSWPB 



* These are aieolute locations in the register file. 

** DSWPARITY2 is \ised only on the 6350. 

*** For the earlier systems listed on page 1-1, DSWPARITY is 
\ised only on the 750 and 850 as p]?esented in Appendix B. 



MGM Field : The 50 Series processors -use the MGM field (bits 15 and 16) 
of the modals to determine what kind of check reporting to do. Taisle 
10-23 shows the possible modes of reporting. 
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Modals Bits 
15 aoi 16 



CXD 
01 
10 

11 



Table 10-23 
Modes of Qiedc Reporting 



Reporting Mode 



No reporting. 

Report uncorrected, memory errors (BCGU) only. 

Report fatal (EOCU, machine checks, etod 
missing memory mod-ule) errors only. 
(This state is called quiet mode.) 

Report all errors, including EOOC arxi, for the 
6350, 9955, and. 9955 II, recoverable machine 
checks. (This state is called noisy mode.) 



Check Handler Operation 

As with faults, the type of check service provided depends on whether 
the PXM is enabled or not when the check occurs. If the EXM is 
disabled, the processor sets the MGM field in the modals to 0. then 
jumps indirectly (JST) through the appropriate check vector to the 
check routine. 

If the PXM is enabled, the processor: 

1. Sets up a check header. 

2. Inhibits the machine. 

3. Switches to 64V mode. 

4. Sets the MCM field to (2 if EOOC or recoverable machine 
check). 

5. Transfers control to the check handler. 

The software must clear the DSW after each check. This ensures that 
the processor does not use old data when servicing futui^ checks. 

The DSW is large enough to contain data about one of each type of check 
before the handler takes control. However, the values of RMA aai PB 
for the last check only are saved. 
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To determine which dheok stored RMA etnd PB, use DSWSTAT to determine 
which checks have occurred: 

• If a missing memoiy module check, machine check, or EGCU memory 
CJheck occurred, DSWRMA and DSWPB reflect values stored ty that 
check. These three checks are mutually exclusive, and are 
guaranteed to be the most recent check that occurred. 

• If any other check occurred, DSWRMA and DSWPB reflect values 
stored ty the BOOC dhecik or recoverable machine check that 
occurred most recently. 

TaJDle 10-24 summarizes some Information about each check. 



Table 10-24 
Types of Caaecks 



Type of CSaecik 



Header Loc* i Haoaier Loc* i Effect on DSW 



Power failure 

Environment** 

Memory parity 

Machine check 

Missing memory 
module 

Recovera±)le 
maxlhine check*** 



'200 
'200 
'270 
'300 
'310 

'320 



'204 
'204 
'274 
'304 
'314 

'324 



! Does not set DSW. 

I 

I Does not set EfiW. 

I 

I Sets DSW. 

I 

I Sets DSW. 



I Sets DSW. 

I 

I 

I Sets DSW. 



* These are locations in Segaent 4. 
** Unavailable for the earlier processors listed on page 1-1. 



*** Vn-n -t-Vi/^i R^Rn CXiRR sjTvl QQRR TT nnltr 



Check Trap 

Some checks cause a microcode trap when they occur. When this happens, 
the action taken depeixis on the type of microcode that was trapped. 
Table 10-25 shows the checks that can cause traps and the actions that 
occur. 

The first and second categories listed in Table 10-25 always leave the 
I/O bus clean. 
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TEible 10-25 
GheGk-produoed Traps aixi Their Actions* 



Event 



Actions 



Missing Memory Module, 
BOC Uncorrectable, or 
Machine Check diiring 
I/O (EMx, PIO, 
interrupt processing, 
excepting machine 
check for RCM paxity) 

EOC Correctable Error 
(not during I/O) 

Recoverable machine 
check (6350, 9955, 
aM 9955 II only) 



Power Failure; 
Environment 

All other checks 



The error is ignored until all current 
requests for EMx airi. I/O are processed, 
and then the check is taken immediately. 



Action is deferred \mtil the next fetch 
C57Cle, and then a check is taken. 

For an STLjB parity error, saves the RS 
contents in RSSAV and forces an STLB 
miss. If the parity error has gone 
away, restores RS contents, causes a 
fetch cycle trap, and then a check is 
taken. 

Action is deferred imtil the next fetch 
fetch cyde, aM then a check is taken. 

Software check occurs immediately. 



For the actions that can occur with the earlier processors 
listed on page 1-1, see Appendix B. 



TRAPS 

Traps are breaks in microcode execution. When a trap occurs, the 
processor takes the current microcode location where the trap occurred 
and goes to the predetermined microcode location that handles traps. 
The processor handles the trap, then retries the microcode location 
where the trap originally occurred. 

Traps are separated into two groups. Gl traj« occur during references 
to parts of memory. CQ traps are hardware related aM encompass 
several subgroups. Table 10-26 lists the traps in both groups and the 
further subgroups. 

The traps are listed in order of priority, from highest to lowest. G2 
traps always have higher priority than Gl traps do. Within the G2 
group, missing memory module traps have the highest priority. (See 
Appendix B for the priority of the G2 traps for memory increment 
interrupts, supported only on the earlier processors listed on page 
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Table 10-26 
Types of Traps ani Their Priorities 



Type I Individual Trap i Causes and Actions 



Gl 



32-bit or 16-bit I 
read address 
trap 



STEjB mss 



Access 
violation 



Page modified 
trap 



G2 



Missing memory 
module 



Machine check 



Write address 
trap 



If a memory reference instruction forms an 
EA between to '7 (V mode) or to '37 
(S and R modes), the addressed location 
is in the current user register file, not 
memory. When such an address is calcu- 
lated, this trap aJDorts the memory read 
and loads a cache entry with the contents 
of the addressed register. The cache is 
marked invalid bat its Use Once bit is 
set to 1 so that a cache hit occurs when 
the microstep is retried. A cache miss 
occurs on this entry's next reference. 

This trap alxirts the step. The STLB miss 
translates the virtual address to a 
pihysical one, then puts the translation 
into the STLB. The step is retried after 
the translation is loaded into the STLB. 

A procedure tries to reference a memory 
location for whidi it has insufficient 
access rights. This trap causes an 
access violation fault. 

This trap occurs in eacOi step that writes 
into a physical page whose modified bit 
(in the page's STLB entry) contains 0. 
This trap sets the modified bit to 1 so 
that future writes to this page do not 
cause other traps. 

If no memory board responds to a memory 
read or write i-equest, this trap occurs. 
Actions tatoen as a result of this trap 
depend on the operating S37stem. 

Indicates a parity error, EOCD, or (6350 
only) an internal (microcode) error. 
The parity error type is in DSWPARITY. 
See Checks in this chapter for more 
information. This is a fatal trap. 

Specifying an address within the range to 
'7 (V mode) or to '37 (S and R modes) 
as a write address causes this trap whidh 
aiborts the write to memoiy but otherwise i 
allows the operation to complete. i 
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Table 10-26 (continued) 
Types of Traps and Their Priorities 



Type I Individual Trap I Causes aai Actions 



G2 

l(cont) 



Integer 
exception 



Branch cache 
problem 



EMx requests 



Fetch cycle 
traps: 

— CPU tijner 
overflow 



Diagnostic 

processor 

interrupts 



— EOOC 



— External 
interrupts 



The current instruction caused an integer 
exception. This trap causes an integer 
exception fault. 

A branch cache hit occurs during execution 
of something other than a branch 
instruction. 

If a controller wants to request a IMx 
transfer, this trap transfers control to 
the EMx microcode. 

Allows the processor to perform several 
steps between microsteps. 

The microsecond timer overflovre. This trap 
increments the contents of TIMER by 1. 
If the incremented value of TIMER does 
not overflow, execution continues. If it 
does overflow, this trap sets the process 
ai)ort flag in the process' PCB to 1. 

The diagnostic processor sends a command to 
the processor. The microcode reads the 
command and decodes it. Invalid for 
earlier processors 750 and 850. 

Error correcting codes on the memory boards 
note when single bit errors in MOS memoiy 
occur. This trap notes the address where 
such an error occurred and the valtie of 
that address' syndrome bits . The 
syndrome bits show which bit in that 
location is in error. See Tables 10-27 
to 10-29 for information about syndroitve 
bit values for single bit errors. 

Point where a device requested service. 
This trap causes an external interrupt. 
(See Interrupts , earlier in this chapter, 
for more information.) 



10-39 



Second Edition 



CJVCTTCTrf ADnM-TTHTrnTTO'C DTTCTTD'PKBTR rSTTnR 






Table 10-26 (oontinued) 
Types of Traps aM Their Priorities 



Type I Individual Trap i Causes and Actions 



G2 

(Ckjnt) 



CeuGhe 

parity 

error* 



Program 

inteival 

timer 

STLB 

peurity 

error* 



Hard parity 
error** 



— End-of- 
instruction 
trap 

— Power 
failiire 

Restricted 
instruction 

I -h-naio 



A cache parity error occurred. For the 
9955 and 9955 II, this error is reported 
at the next PIC interrupt to DSWPARITY, 
DSWSTAT, DSWRMA, £tnd EX3112. This error 
then goes to the check handler. (See 
Checks in this chapter . ) yihsa. this 
error occurs on a 6350, a cache portion 
is scanned every PIC for a hard parity 
error; if one is not found, the actioi^ 
taken are as for an STLB parity error 
except that a cache parity error clears 
DSWRMA. 

If the timer is enabled, it causes an 
interrupt. The timer places a vector on 
the address bus for PRIMOS. 

Caxised ty an STLB recoverable parity error 
trap. The virtual address at the tiite 
of error is loaded in DSWRMA. Sets the 
RBOIV and updates DSWPARITY, DSWSTAT, 
and (9955 and 9955 II only) DORIS. 
Control goes to the check handler. 

For STLB: detected and treated like a soft 
(recoverable) STLB parity error, but the 
Hard Parity Error bit is set in DSWSTAT 
and the bad STLB location is mapped out 
to limit performance degradation. 

For ca<3he: can be detected during a scan 
of the cache upon a cache parity error; 
maps out the bad cache location and sets 
DSWSTAT 's Hard Parity Error bit. 

A parity error occurred on an I/O transfer. 
Not used by the 6350 and 9750 to 9955 II. 



AC power failed, 
failiire check. 



This trap caxises a power 
(See Checks.) 



This trap causes a fault when a process 
tries to execute a restricted instruction 
in a. vi ncs nthsr than Ri ntf . 



For the 6350, 9955, and 9955 II only. 
For the 6350 only. 



Second Edition 



10-iO 



INTERRUPTS, FAULTS, GHBCXS, AND TEIAPS 



Read Address Trap 

If the effective address calculated by a memory reference Instruction 
is within the range to '7 (V mode) or to '37 (S and R modes), 
incloisive, the addressed location is in the current user register file, 
not in memory. When such an address is calculated, this trap aJborts 
the memory read and loads a cache cell with the contents of the 
addressed register. The cache is marked invalid tut the cache's use 
once bit is set to 1 so that a cache hit occurs when the microstep is 
retried. The cache miss occurs on the next reference to this cache 
cell. 



STLB Miss 

When an STLB miss occurs, this trap aJxirts the step. The STLB miss 
translates the virtual address to a phs^sical one, then puts the 
translation into the STLB. The step is retried after the translation 
is loaded into the STLB. 



Access Violation 

If one procedure tries to call another and an access violation occurs, 
this trap causes an access violation fault. 



Page Modified 

This trap occurs during each step that writes into a piiysical page 
whose modified bit (in the page's STLB entry) contains a 0. This trap 
sets the modified bit to 1 to indicate the presence of information that 
must be saved. 



Missing Memory Module 

If no memory board responds to a memory read or write request, this 
trap occurs. A missing memory module check alerts the operating system 
to this trap's occurrence; resulting actions depend on the operating 
system. 
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Error Correcting Code 



Error correcting codes on the memory boards note when single bit errors 
in MOS memory occur. TMs trap notes the address where such an error 
occurred arxi the val\ie of that address' syndroine bits that tell which 
bit in that location is in error. Tables 10-27 to 10-29 show the 
values of the syndrome bits and the single bit errors they indicate. 





Table 


10-27 






Syndrome Bits 


for the 635C 




1 Synd Bits i 


1 


1 Sjmd Bits 1 


1 


1 1234567 1 


Bit in Error 1 


1 1234567 1 


Bit in Error 1 


1 0000000 1 


No Error 1 


1 1100100 1 


Woixi bit 13 1 


1 1000000 


Check bit 1 I 


1 0110100 1 


Woid bit 14 1 


1 0100000 


Check bit 2 1 


1 0101100 1 


Word bit 15 1 


1 0010000 


Check bit 3 i 


1 0011100 


Word bit 16 1 


! 0001000 


Check bit 4 I 


1 1010010 


Word bit 17 i 


1 0000100 


Check bit 5 i 


1 1111010 


Word bit 18 i 


1 0000010 


Check bit 6 I 


1 1001010 


Word bit 19 1 


1 0000001 


Check bit 7 i 


1 0011010 


WoM bit 20 1 


1 1110011 


Word bit 01 1 


1 1000110 


Woid bit 21 1 


1 1011011 


Word bit 02 1 


1 0010110 


Woid bit 22 1 


1 1101011 


Word bit 03 1 


1 0001110 


Woid bit 23 1 


1 0111011 


Word bit 04 1 


1 0111110 


Woixi bit 24 1 


1 1100111 


Woid bit 05 1 


1 1010001 


Word bit 25 1 


1 0110111 


Woixi bit 06 1 


1 1111001 


Word bit 26 1 


1 0101111 


Woid bit 07 1 


1 1001001 


Word bit 27 1 


1 0011111 


1 Word bit 08 1 


1 0011001 


1 Woid bit 28 1 


1 1110000 


1 WoKi bit 09 1 


1 1000101 


1 WoKi bit 29 1 


1 1011000 


1 Word bit 10 1 


1 0010101 


1 Word bit 30 1 


1 1101000 


1 Word bit 11 1 


1 0001101 


1 Word bit 31 1 


1 0111000 


1 WoM bit 12 1 


1 0111101 


1 WoM bit 32 1 




Note to 1 


^able 10-27 





A multiple error has occurred when the syndrome bits have a 
pattern not shown above. 
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TELble 10-28 
S3?i)dTame Bits for the 9750 to 9955 II 



Oieck Bits 
6543210 



0000000 

0000001 

0000010 

0000100 

0001000 

0010000 

0100000 

1000000 

0000111 

1100001 

1100010 

0100011 

1100100 

0100101 

0100110 

1100111 

1101000 

0101001 

0101010 

1101011 



Bit in Error 



No error 
Check bit 
Check bit 
Check bit 
Check bit 
Check bit 
Check bit 
Check bit 6 
Word bit 01 
Word bit 02 
Word bit 03 
Word bit 04 
Word bit 05 
Word bit 06 
Word bit 07 
Word bit 08 
Word bit 09 
Word bit 10 
Word bit 11 
Word bit 12 



Check Bits 


1 1 


6543210 


1 Bit in Error I 

1 


0101100 


1 
1 Word bit 13 I 


1101101 


1 Word bit 14 I 


1101110 


1 Word bit 15 1 


0101111 


1 Word bit 16 1 


1110000 


1 Word bit 17 1 


0110001 


Word bit 18 1 


0110010 


Word bit 19 1 


1110011 


Word bit 20 I 


0110100 


Word bit 21 1 


1110101 


Word bit 22 1 


mono 


Word bit 23 1 


0110111 


Word bit 24 1 


0111000 


Word bit 25 I 


1111001 


Word bit 26 i 


1111010 


Word bit 27 1 


onion 1 


Word bit 28 1 


1111100 1 


Woixi bit 29 1 


0111101 1 


Word bit 30 1 


0111110 1 


Word bit 31 I 


1111111 1 


Word bit 32 1 



Note to Table 10-28 

A multiple error has occurred when the syndrome bits have a 
pattern not shown above. 
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Table 10-29 
Syixlroine Bits for the Rest of the 50 Series 



1 Checik Bits 


1 1 


1 Checik Bits 


1 1 


1 123456 


1 Bit in Error 1 


1 123456 


1 Bit in Error 1 


1 OOOOOX 


1 ^fultiple bits i 


1 lOOOOX 


1 Multiple bits i 


1 OOOOIX 


1 Multiple bits i 


1 100011 


1 Woixi bit 07 1 


1 OOOIQX 


1 Multiple bits i 


1 lOOlOX 


1 Multiple bits i 


1 000111 


1 Woixi bit 15 1 


I 100111 


1 Word bit 03 i 


1 OOIOOX 


1 Multiple bits i 


1 lOlOOX 


1 Multiple bits i 


1 001011 


1 Word bit 14 1 


1 101011 


1 Woid bit 02 1 


1 001101 


1 Word bit 13 1 


1 101101 


1 Word bit 01 i 


1 001111 


1 WoM bit 09 1 


1 101111 


1 Check bit 2 i 


1 OlOOUX 


1 Multiple bits i 


1 110001 


1 Woid bit 08 1 


1 OIOOIX 


1 Multiple bits i 


1 110011 


1 WoKi bit 06 i 


1 OIOIOX 


1 Multiple bits i 


1 110101 


1 Word bit 05 1 


1 010111 


1 Word bit 12 I 


1 110111 


1 caaecfc bit 5 i 


1 011001 


1 Word bit 16 I 


1 111001 


1 Word bit 04 i 


1 011011 


1 Word bit 11 1 


1 111011 


1 Check bit 4 i 


1 011101 


1 Word bit 10 1 


1 111101 


1 Check bit 3 i 


1 011111 


1 Right parity/ i 


1 111111 


1 Overall parity i 




1 Ghecfc bit 1 1 


1 111110 


1 No error I 




Notes to I 


?able 10-29 





X means undefined. 

In the 2350 to 2755, 9650, and 9655 DSWSTAT, bit 6 of this 
table is not listed as the sixth EGG syMrone bit but is called 
the overall parity bit. 



Machine Check 

This trap, like that for missing memory mediae, indicates a serious 
problem with the ^^tem. It may indicate fa\ilty components, noise, or 
a timing problem.' For the 6350, it can also indicate problems in the 
microcode. This is a fatal trap. 



Write Address Trap 

Specifying an address within the range to '7 (V mode) or to '37 (S 
arvl R modes) as a write eddress causes this trap. This trap aborts the 
write to nemory but otherwise allows the operation to complete. 
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EMx 



If a controller wants to request a EMx transfer, this trap transfers 
control to the EMx microcode. 



Fetch Cycle Traps 

Fetch cycle traps occur only at the end of the first microstep of a 
Prime assembly language instruction. They are caused iy a program 
interval tijner overflow, external interrupts, and power failures. 

These traps occur only after the first step of an assembly language 
instruction has completed. This guarantees that the previous assembly 
language instruction has completed execution. 



Restricted Instruction 

This trap causes a fault when a process tries to execute a restricted 
instruction in a ring other than Ring 0. 



Summary of Software Breaks Caused by Traps 

As mentioned aiove, some of the traps listed in TaJDle 10-26 cause 
software breaks. Table 10-30 shows which traps cause additional breaks 
and the types of breaks that can occur. 
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Table 10-30 
Softwaxe Breafes Caused By Traps 



Traps 



Additional Software Break 



Missing memory modiile; 
BOCU, machine Ghedk, and 
other parity errors 



External interrupt, 

memory inorement interrupt, 
program interval timer 
interrupt 

Integer exception, 
access violation, 
restrict mode violation 

STLB miss 



Power failtire, ECXX! 
All other traps 



No additional break occurs. 
These traps are reported to 
the operating system via a 
check; the operating system 
takes an appropriate action. 

Interrupt occurs. 



Fault occurs. 

Page fault, segment fault 
may occur. 

Ghedk occurs. 

No additional action occurs. 



INTERVAL OUOCK 

A 250 Hz interval clock is used for all processors but the earlier ones 
listed on page 1-1 (see Apperdix B) . If the interval clock is enabled, 
a fetch cycle trap occurs when a timing pulse occurs. The fetch cycle 
trap causes an external interrupt. If interrupts axe enabled on the 
machine, the processor services the interrupt and updates the poajiters 
in the clock process. If interrupts are disabled, the interrupt is 
ignored. 

Table 10-31 lists the instructions that control the interval clock. 
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Table 10-31 
Instructions Affecting the Interval Timer 



1 Mnem* 


1 Name 


Modes 


1 Description i 


1 INA 

1 


'1120 


1 Input to A 


S, 


R 


1 Loads the ID of the i 
1 controller into A. i 


1 INA 
1 

1 


'1320 


1 Input to A 


S. 


R 


1 Loads the contents of i 
1 the interrupt vector i 
1 into A. 1 


1 OCP 

1 


'0020 


1 Output Control 1 
Pulse 1 


s. 


R 


1 starts the interval i 
tljner. i 


1 OCP 

1 

1 


'0120 


dear PIC i 
Interrupt 1 


s. 


R 


Clears the phantom i 
interrupt code i 
interrupt . i 


1 OCP 

1 


'0220 


Output Control 1 
Pulse 1 


s. 


R 


Stops the interval i 
timer. i 


1 OCP 

1 
1 


'1720 


Initialize i 
Interval I 
Timer i 


s. 


R 


Initializes the interval i 
timer. i 


1 OTA 

1 
! 


'0720 


Output from A I 


s, 


R 


Transfers data from A I 
into the control i 
register. i 


1 OTA 

1 

1 


'1320 


Output from A I 


s. 


R 


Transfers data from A i 
into the interrupt i 
vector. 1 


1 SKS 

1 


'0020 1 


vSkip on 1 
Condition Met i 


s, 


R 1 


Skips if the interval i 
timer is not i 


1 










interrupting. i 



* V and I modes execute EIO instructions with these instructions 
as effective addresses. See Chapter 11 for more information. 



SUMMARY 

You have read in this chapter aJxjut four kinds of breaks in execution 
that can occur, and how the 50 Series processors handle them. Traps 
are breaks in microcode execution. Checks indicate hardware 
consistency problems; faults indicate software exception conlitions. 
External devices issue interrupts when they desire service. The next 
chapter, Input/Output , shows how external devices issue interrupts, and 
how the 50 Series processors handle these requests for service. 
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The previous chapter deals with the various types of breaks that can 
occur in program execution. The I/O system is closely related to these 
breaks, since data transfers between the processor and other parts of 
the system usually include some type of break. Depending on the type 
of transfers and the controller, the I/O system can perform a wide 
variety of functions applicable to many situations. 

I/O on the 50 Series processors is divided into three types: 

• Programmed I/O (PIO) 

• Direct memory (EMx) 

• Interrupts 

These three types of I/O differ in what initiates the action. For PIO, 
the processor issues a command to a controller, which performs the 
desired action. For EMx trar^fers, a controller requests service from 
the processor, which provides the service on a priority basis. For 
interrupts, the controller again alerts the processor to a situation 
that requires the processor's attention. caiapter 10 discusses 
interrupts and how the processor deals with them. This chapter 
describes PIO and EMx. 
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PIO is I/O perfoimed by a program. This means that the instruments 
used to perform PIO are instructions. These instructions: 

• Sena control information to a peripheral controller. 

• Test controllers for skip conditions. 

• Move data between a controller and the CPU. 

The PIO instructions vise one of two formats. In S mode and R mode, 
four PIO instructions (OCP, SKS, INA, OTA) are available for use. They 
have the format shown in Figure 11-1. 



2 3 6 7 10 11 16 



TYPE I 1100 I FUNCTION I OQNTROLLER ADCRESS 



INA. OCP, OTA, SKS Operative Format 
Figure 11-1 



For these four instructions, the operative (the part that the processor 
actually executes to perform the desired action) is the instruction 
itself. A different arrangement exists for V mode PIO. 

In V mode, the processor cannot directly execute INA, OCP, OTA, or SEtS. 
Instead, it must use an EIO instruction, which forms an effective 
address. The processor executes bits 17 to 32 of this effective 
address as a PIO instruction. These bits (the operative of the EIO 
instruction) should specify one of the four PIO instructions described 
above. The upper drawing in Figure 11-2 shows the format of the EIO 
instruction; the lower drawing shows the format the processor vises to 
interpret the EIO operative. 
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12 3 



11 12 13 14 15 16 17 32 



I I X I 110011000 I Y I 01 I BR I DISP I 



EIO Instruction Fonnat 



1 2 3 



6 7 



10 11 



16 



TYPE I EXTENSION I FUNCTION I OGNTROLLER ADCRESS 



EIO Operative Fonnat 



EIO Formats 
Figure 11-2 



Both the S and R mode PIO operatives and the V mode operative have the 
same basic format. In both cases, bits 1 to 6 specify the operation 
that the processor is to perform. Bits 1 and 2 always identify the 
basic type of operation to le performed, as shown in Table 11-1. 



Table 11-1 
Basic I/O Operations 



Type I Inst I Name 



00 I OOP I Output control pulse 

01 I SKS I Skip if conHtion satisfied 

10 I INA I Input to A 

11 I OTA I Output from A 



Bits 3 to 6 have different meanings in different modes. These bits are 
set to 1100 in S and R modes. In V mode, bits 3 to 6 specify an 
extension to the type field. The processor may use this field to 
distinguish between controllers that require different types of 
service, or between different software implementations. This feature 
has yet to be completely defined. 
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In elLI three modes, the function field (bits 7 to 10) specifies one of 
16 controller-depeixient oominands. Each controller defines the function 
codes that it uses for eajch of the four basic PIO operations. For 
example, the controller for one controller might use INA with a 
function field, of to load data into A, INA with a function field of 1 
to load a controller ID into A, aoi INA with a function field of 3 to 
load stat\:is into A. 

In all three modes, bits 11 to 16 specify a controller address that 
identifies a controller aai its implementation. Tables 11-2 and 11-3 
show these controller addresses for PRIMOS Rev. 21. Several 
properties of Table 11-2 require envpihasis: 

• No two controllers may have the same address in a given sjTStem. 
If two controllers do have the same address, the system will 
malfunction in unpredictable wajTS. 

• General Purpose Interface Boards (GPIBs) have been assigned 
controller addresses '60 through '67. 

• The addresses '70 to '76 axe reserved for man-uf acturing , special 
systene, field service, and customers to make special 
assignments on a ssTStem by system basis, becatise neither 
standard software nor standard controllers use these addresses. 
For example, magnetic tape controllers have two assigned 
addresses, '13 ani '14. If a customer wanted a third magiietic 
tape controller, it could be assigned an address in the '70 to 
'76 range. 

In the past, several controller addresses had been assigned to 
both a special and a standard option before addresses '70 to '76 
were reserved for specials. If a conflict occurs when assigning 
controller addresses during a field upgrade, the conflict should 
be resolved by moving the special controller address to one in 
the '70 to '76 range. 

Addresses '75 and '76 are reserved for controlleis \ising the 
T$GPPI software driver. 

• Prime systems have a configuration list in the cabinet whicih 
shows all of the controller addresses in that ss^stem and where 
the boards are plugged in. 

• You can generally change controller axM r esses ty inserting one 
or two header dips in controllers. 

• Addresses for the ICSl, ICS2, and ICS3 communications 
controllers are assigned from a pool of addresses. See Table 
11-3. 

• Somk controller boards s-ach as the 2047 and 2382 disk/tape 
controllers have separate controller addresses assigned to each 
function. 
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TgLble 11-2 
Controller Address Assignments 



1 Address 


1 Model 1 


1 '00 


1 1 


1 '01 


1 3000 1 


1 '02 


1 3000 1 


1 '03 


1 3100 1 


1 '04 


1 3006 1 


1 '05 


1 3100 1 


1 '06 


1 1 


1 '07 


1 7040 1 


1 '10 


1 2034/2036 1 


1 '11 


1 2034/2036 1 


1 '12 


1 4300 1 


1 '13 


1 4020 1 


1 '14 


1 4020 1 


1 '15 


2034/2036 1 


1 '16 


2034/2036 1 


1 '17 


2034/2036 1 


1 '20 


3006 1 


1 '21 


1 


1 '22 


4004/5/6 1 


1 '23 


4004/5/6 1 


1 '24 


4004/5/6 1 


1 '25 


4004/5/6 1 


1 '26 


4004/5/6 1 


1 '27 


4004/5/6 1 


1 '30 


3007 1 


1 '31 1 


3025 1 


1 '32 1 


2034/2036 1 


1 '33 1 


3009/3008 1 


1 '34 1 


3009/3008 1 


1 '35 1 


2034/2036 1 


1 '36 1 


2034/2036 1 


1 '37 1 


2034/2036 1 


1 '40 1 


1 


1 '41 1 


1 


1 '42 1 


1 


1 '43 1 


1 


1 '44 1 




1 '45 1 


1 


1 '46 1 


1 


1 '47 1 


7040 1 



Controller Description 



(see Table 11-3) 
(see Table 11-3) 



Reserved 

Paper tape reader 

Paper tape puncii 

URC #1 (unit record controller): 

line printer, card reader, card punch 
SjTStem terminal 
troc #2: line printer, card reader, 

card puncii 
Reserved 

Primenet node controller (PNC) #1 
Communications controller (see Table 11-3) 
Communications controller (see Table 11-3) 
Floppy disk 
Ifa-gnetic tape #2 
Magnetic tape #1 
Communications controller 
Communications controller 
Communications controller (see Table 11-3) 
Control panel, RTC (realtime clock), SOC 

(s3^em option controller) 
Reserved 

Disk controller #3 
Disk controller #4 
Disk controller #5 
Disk controller #6 
Disk controller #1 
Disk controller #2 
Buffered parallel I/O channel #1 
Buffered parallel I/O channel #2 
Communications controller (see Table 11-3) 
Versatec printer plotter #1 
Versatec printer plotter #2 
Communications controller (see Table 11-3) 
Communications controller 
Communications controller 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 

Disk controller #7 
Disk controller #8 
Primenet node controller (PNC) #2 



(see Table 11-3) 
(see Table 11-3) 
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Table 11-2 (continued) 
Controller Address Assignments 



1 Address I 


Model 


Controller Description i 


1 '50 i 


2034/2036 


Coranunications controller (see Ta±>le 11-3) ! 


1 '51 1 


2034/2036 


Communications controller (see Ta±)le 11-3) i 


1 '52 1 


2034/2036 


Communir'ations controller (see Table 11-3) i 


1 '53 1 


2034/2036 


Coiranunioations controller (see Table 11-3) i 


1 '54 1 


2034/2036 


Communications controller (see Table 11-3) ! 


1 '55 1 


5400 


Multiple autocall i 


1 '56 


2034/2036 


Comtnunications controller (see Table 11-3) i 


1 '57 




1 Reserved ' 


1 '60 


7000 


1 General purpose interface board i 


! '61 


7000 


1 General purpose interface board I 


1 '62 


7000 


1 General purpose interface board 1 


1 '63 


7000 


1 General purpose interface board 1 


1 '64 


7000 


1 General purpose interface board I 


! '65 


7000 


1 General purpose interface board i 


1 '66 


7000 


1 General purpose interface board I 


1 '67 


7000 


1 General purpose interface board i 


1 '70 





1 Reserved for specials i 


1 '71 





1 Reserved for specials i 


i '72 





1 Reserved for specials i 


1 '73 





1 Reserved for specials i 


1 '74 




1 Reserveri for specials i 


1 '75 




1 Reserved for specials iising T$GPPI driver I 


1 '76 


1 


1 Reserved for specials using T$GPPI driver I 


1 "r? 


1 


1 I/O bus tester i 



Table 11-3 specifies the addresses that may be used 
types of comraunications controllers at PRIMOS Rev. 
the controller types in this table are: 



for 
21. 



the various 
The names of 



AMLC 
SMijC 

TJOCTUT 

MDLC 
ICSl 
ICS2 
ICS3 



Asynchronoxxs Multiline Controller 
SjTnchronous Multiline Controller 






cj-rsQc*^ S"nGhronous Multiline Controller 



Multiple Data Link Controller 
Intelligent Communications Subsystem 1 
Intelligent Communications Sub^stem 2 
Intelligent Communications Subsystem 3 
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Table 11-3 
Ckammunications Controller PIO Addresses 



AsslgnaJsle 
Addresses 


1 AMIiC 


Caramini, oat ions Controllers 






1 SMLC IHSSMDCI MDtJC 1 ICSl 1 ICS2 


1 ICS3 


1 PNC 1 


'07 








1 #1 1 


'10 




1 1 1 #3 1 #1 


1 #1 




'11 




1 1 1 #4 1 #2 


#2 




'15 


#5* 








'16 


#6* 








'17 


#7* 








'32 


#8* 








'35 


#4* 








'36 




1 1 1 #1 1 #3 


#3 




'37 




1 1 1 #2 1 #4 


#4 




'47 








#2 1 


'50 




1 #1 1 #1 1 1 




1 


'51 




1 #2 1 #2 1 1 






'52 


#3* 








'53 1 


#2* 








'54 1 


#1* 1 








'56 1 




#11 1 1 1 







* The ordering of ANLC addresses is important. The ordering 
of the other conraunications controllers is recommeiKied. 



Controller identification (ID) n\unbers are bits assigned to each 
controller type. Two types of controller IDs are defined. The older 
type is the single INA '11 ID. The newer one uses INAs '11 and '12. 
Bits 26 to 32 of INA '11 are either '100 or '077 for the two INA ID 
implementation and are invalid in the single INA '11 ID. This allows a 
differentiation between the two types of controllers from the software. 
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Teibles 11^ aixi 11-5 show the ID numbers that axe currently assigned 
uixier both conventions. Some controllers implement both INA IDs for 
compat ability. All new controllers must use the two INA ID method. 



Table 11-1 
Controller Board Numbers for Controller IDs using INA '11 





INA '11 ID Bits 9 and 10 














TD Ritc! 1 


1 00 1 


01 1 


10 1 


11 1 


1 S * ' ' ' U O 1 

11 to 16 1 


1 * 


* 1 


* 1 


* 1 


'00 1 


1 * 


see BPIOCl 1 


* 1 


* 


'01 1 


1 * 


SOC BPI0C2 1 


* 1 


* 


'02 1 


1 URC 3156 


* 


URC 2294 1 


* 


'03 1 


1 Option A 


SOC ASIiC/SSIiCi 


* 1 


* 


'04 1 


1 * 


* 


* 


* 


'05 to '071 


1 * 


ICS2 5242, 


ICS3 5725, 1 


* 


'10 1 


1 * 


5720, 5722 


5730, 5735 1 


* 




1 * 


* 


* 


* 


'11 to '121 


1 Tape 2295 


Tape D/T 2047 


Tape 2382 


* 


'13 1 


1 (4190) 










1 Tape 2081 


Tape 2081 


Tape 2269/70 


Tape 2023 


'14 1 


1 a,Tvi 4020 










1 * 


* 


* 


* 


'15 to '171 


1 * 


SOC LFC, PIC. 


* 


* 


'20 1 


1 * 


* 


* 


* 


'21 1 


1 Disk 4000 


* 


* 


* 


'22 1 


1 * 


* 


* 


* 


'23 to '251 


1 Disk 4004 


Disk 4005,6580 


R D/T 2047 


* 


'26 1 


1 * 


* 


* 


* 


'27 to '351 


1 ICSl 5181 


* 


* 


* 


'36 1 


1 * 


* 


* 


* 


'37 1 


1 PRIMAD A to D 


* 


* 


* 


'40 1 


1 * 


* 


* 


* 


'41 to '421 


1 Digital Out 


♦ 


* 


* 


'43 1 


1 * 


* 


* 


* 


'44 to '471 


1 vrrrrr' R«no 


* 


* 


* 


'50 1 


1 i.-|l *l W^ ^^^./V^M f 










1 5604/5622/5624 










1 * 


* 


* 


* 


1 '51 to '531 


1 QAMTf! 5154, 


* 


* 


* 


1 '54 1 


1 5274, 5475 










1 * 


1 * 


* 


* 


l'55 to '601 


1 PNC 7041/42 


1 * 


1 * 


* 


1 '61 1 


1 * 


1 * 


1 * 


1 * 


1 '62 to '771 



* Means not valid. 



Second Edition 



11-8 



INPUT-OUTPUT 



Table 11-5 

Controller Boeurd Nunibers for Controller IDs Using 
INA '11 and '12 



1 




INA '11 






INA '12 




1 


INA '12 1 


1 Controller 


Long Word Bits 






Bits 




1 


Bits 1 


1 


26 


(27 to 32) 


1 


2 


(3 to 8) 


9 


10 1 


11 to 16 1 


1 




* 






* 




1 


'00 to '13 1 


1 Tape 2382 

1 


1 


'00 

* 








'01 

* 





1 
1 


'14 1 
'15 to '25 1 


1 Disk 2382 


1 


'00 








'01 





1 


'26 1 


1 Disk 6508 

1 


1 


'00 








'02 

* 





1 

1 


'26 1 
'27 to '77 1 



* Means not valid. 



PIG Operative Actions 

The processor performs the sane actions for each identical PIO 
operative, regardless of the mode of the machine. This means that the 
INA operation specified ty EIO In V mode results in the same actions as 
does the INA directly executed in S mode aM R mode. After performing 
the operation, however, the processor itxiicates the success or failure 
of the operation in different wa3?s, depenUng on the mode. The 
descriptions below explain the actions of each operation, as well as 
how the processor indicates success or failvire for each mode. 



INA : INA is enabled over BPA. If the specified controller is not 
ready and does not have controller address '20, the instruction ends. 
If the controller is ready or has controller address '20, the 
controller responds ready and data is read over BED. In V mode, the 
condition codes reflect success or failure as shown in Table 11-6. 

In S and R modes when the controller address is not '20, the processor 
indicates success by incrementing the contents of the program counter 
ty 1; when the controller address is '20, no increment occurs. 

For controller address '20 the data can have bad parity. iNAs to 
controller address '20 ignore the data parity and generate their own 
correct parity. INAs to controller addresses other than '20, however, 
do check the data parity and indicate a BPD parity error if the parity 
is incorrect. 
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TSLble 11-6 
Effect of EIO on Condition Codes 



OC I Meaning 

BQ I Suooessful INA, OTA, or SKS instruction 

NE I Unsuocessful INA, OTA, OR SKS; 

I any OCP 



OTA : OTA is enabled over BPA. If the specified controller is not 
ready aixi does not have controller address '20, the instruction ends. 
If the controller is ready or has controller address '20, the 
controller responds ready and data in A is sent over BED to the 
controller. In V iwDde, the coMition codes reflect success or failure 
as shown in Table 11-6. 

In S aai R modes when the controller address is not '20, the processor 
iixiicates success ty incrementing the contents of the program counter 
hy 1; when the controller address is '20, no increment occurs. 

SKS : SKS is enabled over BPA. If the specified controller is not 
ready, the instruction ends. If the controller is ready, the processor 
indicates success in V mode hy setting the condition codes, as shown in 
Table 11-6, regardless of the controller address. 

If the controller is ready, the processor indicates success in S and 
R modes ty incrementing the contents of the program counter by 1, 
regardless of the controller address. 

OCP : OCP is enabled over BPA. The specified controller performs the 
specified command aai the instruction ends. OCP never indicates 
success or failure. 



EMX 

While PIO operations axe suitable to use when only small amounts of 
data need to be transferred, they are typically not suitable for 
multiple data transfers. Each time PIO transfers data, the processor 
must execute several instructions for each 16-bit quantity transferired. 
This ratio of control instructions to transferred data makes the 
transfer of blocks of data rather slow. EMx operations allow 
controllers to access memory directly, rather than ty using softwaxe. 
This cuts down on the ainoimt of processor time required to perform the 
transfer, and allows the transfer to occur without specific software 
attention. 
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EMx Transfers 

There are several types of Uix. traoisfers: 

• EMA, or direct memory access 

• EMC, or direct memory Ghaimel 

• EMT, or direct memory transfer 

• lOMQ, or direct memory queue 

All of these transfers occur in three phases. The request to transfer 
occurs during the request phase. The CPU receives the transfer address 
duriaig the address phase. The data is transferred during the data 
phase. 

To make any EMx request, the controller desiring the transfer seixis a 
EMx request to the processor. This request will be serviced when: 

• The processor issues a EMx request enable. 

• There are no other EMx requests pending from controllers with a 
higher priority (a lower slot number). 

If the request from this controller has the highest priority, the 
processor recognizes it. The controller sends an address on BPA and 
control information on the mode lines. The mode lines request the 
specific type of EMx transfer, which in turn defines how the address 
line information is to be interpreted. EMx address formation is 
described at the end of this chapter. 

After receiving the control information, the processor strobes the data 
as appropriate over BPD. The processor sends an erd-of-range (BOR) 
signal, if appropriate, at the end of the block transfer. 

The length of time between when a controller requests service and when 
the processor responds depends on two things: 

• How many requests of higher priority are already pending 

• What the processor is doing when the controller makes its 
request 

A controller must wait until the processor services all requests of 
higher priority. This means that the controller with the highest 
priority in the system can preempt service to any other controller, and 
may completely occupy the processor if it transfers data at the maximum 
rate. 

Though the processor can pause between instructions or at selected 
points within instruction execution, it cannot stop immediately each 
time a request for a transfer occurs. Also, the processor cannot 
service requests when servicing interrupts or phantom interrupt code. 
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This meems that even the highest priority controller in the sjrstem may 
have to vait less than 7 miorosecoiKis if the processor is busy. Once 
the processor transfers the first 16 hits, however, it transfers the 
rest of the block as fast as possible. At the maxlimm speed, the 
processor cannot process anything else at the same time. 

Maximum rates of transfer for EMA aixi the other EMx transfers axe shown 
in Table 11-7. Rates for the earlier processors listed on page 1-1 are 
in Appendix B. 



Table 11-7 
EMx Transfer Rates 









Maximum Speed 


1 
1 






1 


2350 to 2755, 1 


Type 


Transfer i 


6350 1 


9750 to 9955 III 


9650, a,TVi 9655 1 


IMA 


Input 
Output 


3.0 Mtytes/sec 
1.9 Mbytes/sec 


2.4 Mbytes/sec 
2.0 Mbytes/sec 


2.2 Mbytes/sec i 

2.3 Mtytes/sec i 

1 


Extended 
EMA 


Input 
Ouput 


2.2 Mbytes/sec 
1.6 Mbytes/sec 


** 
** 


»* 1 
** 1 

1 


16-Bit 
Burst EMA 


Input 
Output 


9.7 Mbytes/sec 
6.6 Mbytes/sec 


9.4 Mtytes/sec 
6.0 Mbytes/sec 


5.1 Mtytes/sec i 
4.9 Mtytes/sec i 

1 


32-bit 
Burst EMA 


Input 
Output 


24.2 Mbytes/sec 
11.0 Mtytes/sec 


** 

** 


** 1 

** 1 

1 


EMC 


Input 
Output 


1.8 Mtytes/sec 
1.3 Mtytes/sec 


1.2 Mtytes/sec* 
1.1 Mbytes/sec* 


700 Kbytes/sec i 
700 Kbytes/sec i 

1 


EMT 


Input 
Output 


2.4 Mtytes/sec 
1.7 Mtytes/sec 


2.8 Mbytes/sec* 
2.2 Mbytes/sec 


2.2 Mtytes/sec i 

2.3 Mtytes/sec i 

1 


Burst EMT 


Input 
1 Output 


8.6 Mtytes/sec 
5.3 Mtytes/sec 


** 
** 


** 1 
1 ** 1 

i i 


Ei^K^ 


1 Input 
1 Output 


1 1.1 Mtytes/sec 
1 1.1 Mtytes/sec 

1 


1 300 Kbytes/sec* 
1 300 Kbytes/sec* 


1 500 Ktytes/sec i 
1 500 Ktytes/sec i 

1 1 



* This is an approxiitiate val\ie. 
** Not available for this processor. 
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Mapped I/O 

When a controller specifies tha transfer starting address, it can 
specify a virtual address or a phjTsical one. The processor is using 
aJjsolute I/O when the address specified is a physical one. When the 
controller specifies a virtual address, the processor is using mapped 



Mapped I/O allows the limited addressing range of JMx transfers to 
address all of physical memory. It is especially useful when 
transferring several contiguoiis pages in virtual memory to ph5reical 
locations that may not be contiguous. For example, suppose the 
processor wants to transfer fo\ir contiguous pages of data in virtual 
memory to a controller. As shown in Figure 11-3, mapped I/O allows the 
sjTStem to map the four pages to any four availaJDle pages, Instead of 
requiring one four-page block. 



Virtual 
Memory 



lOTLB 



PageO 




Page Data 




Pagel 


Page 1 Data 




Page 2 


Page 2 Data 




Page 3 


Page 3 Data 









Physical 
Memory 




Pages 



Page 1 



PageO 



Page 2 



Mapped I/O 
Figure 11-3 
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The lOTLB contains the information needed to map the transfer addresses 
to phj^ical memory locations. The lOELB, with the STLB, forms the 
virtual-to-phjrsical address mapping hardware and contains 256 entries 
for the 6350; there are 128 entries for the 2350 to 2755 and 9650 to 
9955 II. (Appendix B discusses the lOELB of the earlier processors 
listed on page 1-1.) 

An 8-bit address selects each lOTLB entry. This address is composed of 
the I/O segment ntmiber and the page n-umter in that I/O segment as shown 
in Figure 11-4. 



12 3 8 
I/O Seg I Page Number 



Address Format of lOTLB Entry 
Figure 11-4 



Each lOTLB entry contains mapping information for one page of the I/O 
segments as shown in Table 11-8. 



Table 11-8 
lOELB Mapping 



1 lOTLB Entry 


Corresponding Page in I/O Segments I 


1 

1 to 63 
1 64 to 127 
1 128 to 191 
1 192 to 255 


1 Segment 0, Pages to 63 i 
1 Segment 1, Pages to 63 (2350 to 9955 II only) i 
1 Segment 2, Pages to 63 (6350 only) i 
1 Segment 3, Pages to 63 (6350 only) I 



The lOTLB allows the I/O address translation during EMx to be done 
swiftly because information about the translation is alwajTS guaranteed 
to be in the ICTTLB. If the processor were to rely on the STLB, an STLB 
miss could occur aM the transfer would fail. Preloading the lOTLB is, 
therefore, essential before initiating I/O. 

The LIOT instruction loads the lOTLB entries with transfer information. 
This instruction must be \ised before any transfer occurs so that the 
processor itaps virtual pages to the desired physical ones. (Appendix B 
discusses KEOT for the earlier processors listed on page 1-1 . ) 
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TsLble 11-9 shovTS the cx)ntents of each ICOIiB entry. (Appendix B 
discusses the lOTLB of the earlier processors listed on page 1-1 . ) 



Table 11-9 
lOTLB Entry Format 



Field 


Number of Bits 


Description i 


Hi57Sical 
page number 


16 for 6350 

14 for 9955 II 

13 for 9750 to 9955 

12 for 2350 to 2755, 

9650, and 9655 


Specifies the phjTSical i 
page address. i 


Valid bit 


1 for a.n processors 


Indicates if this entry i 
conta,iTis old data. I 


MBIO bits 


5 for 2755, 9955, a,Tif1 

9955 II 
3 for 2350 to 2655 and 

6350 to 9950 


Specifies the cache leaf i 
to invalidate when i 
writing to memory. i 

1 



Since the cache of the 2755, 9955, and 9955 II contains 64K tytes, it 
can contain mapping information for 32 entries of physical memory, each 
having the sane page offset. This is called a 32-leaf cache. MBIO 
bits allow the information for only the modified entry to be 
invalidated after a memoiy write, rather than each of the 32 possible 
places. Thus, these MBIO bits determine which leaf of the cache to 
invalidate after a memory write. Five MBIO bits are used for a 32-leai' 
cache. 



The 6350 has a 32K-byte two-set associative cache. This cache can 
contain mapping information for 16 entries of physical memory, each 
having the same page offset. Three MBIO bits axe used to specify which 
cax3he leaf contains an entry that may be invalidated after a memory 
write. Since each cache access returns two cache index entries, 
however, the 6350 invalidates only the entry whose phjreical page 
address matches that of the lOTLB entry. 

The 2350 to 2655 and 9650 to 9950 have a 16K-hyte cache containing 
napping information for 8 entries of physical memory. Thus, these 
processors have an 8-leaf cache that requires 3 MBIO bits to specify 
which cache leaf to invalidate after a memory write. 
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EMA 



EMA is useful for bulk data transfers when speed is important, and can 
also be operated in buist mode as described in a further section. Of 
the earlier systems listed on page 1-1, burst mode is used only with 
the 750 and 850. 

Maximum rates of transfer for all forms of EMA are shown in Table 11-7, 
located earlier in this chapter. 

The register file contains the EMA register set occupying locations '40 
to '77. These locations contain direct memory channels to '37, 
respectively, that allow controllers to access memory with a minimum of 
processor intervention. Extended EMA, available only on the 6350, 
allows any even 32-bit location in the I/O segments to operate as a EMA 
channel pair. 



Making a EMA Request 

To perform a EMA transfer, a program must: 

1. Set up a EMA cell 

2. Tell the controller to perform the transfer 

In regular EMA, a EMA cell is one 32-bit location in the register file, 
as shown in Figure 11-5. Through Extended EMA (for the 6350 only), any 
even 32-bit location in the I/O segments can also serve as a EMA cell. 
Bits 1 to 12 of a EMA cell location contain the two's complement of the 
total nuiriber of 16-bit quantities to be transferred. This means that 
the laxgest block of 16-bit quantities that can be transferred on a 
single channel is 4096; to transfer more requires more than one 
channel. 

EMA on the 6350 can transfer 32-bit quantities as well as 16-bit ones, 
depending on the mode specified. The definition for bits 1 to 12 of a 
rWA cell location, however, remains unchanged. Thus, after the 6350 
performs a single 32-bit transfer, it increments the count by 2. After 
a single 16-bit transfer occurs, all processors Increment the count by 
1. 

The use of bits 13 to 32 depends on the machine and on whether mapped 
I/O mode or phj^sical I/O mode is being used. In physical I/O mode, 
bits 13 and 14 are reserved but must be zero; bits 15 to 32 supply the 
physical address of the first location to transfer. 

When mapped I/O mode is being used on the 6350, bits 15 and 16 select 
I/O segments to 3; bits 17 to 32 specify the offset within the 

but must be zero. 
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For mapped I/O on the 2350 to 2755 and 9650 to 9955 II, bit 16 selects 
I/O segment or 1. Bits 17 to 32 specify the offset in the segment, 
and hits 13 to 15 are reserved but imist be zero. 

For the format of the EMA control word in mapped I/O mode for the 
earlier systems listed on page 1-1, see Appendix B. 



1 


12 


13 14 


15 32 


I2's 


OQMP WCRD OOUNT 


MBZ* 


ADDRESS WHERE TRANSi^'KU HtJGlNS 1 



Physical I/O Mode 



1 12 13 15 


16 


17 32 


I2'S OQMP WCRD OOUNT 1 MBZ* 1 


RTO NO 


1 OFFSET FGR TRANSFER START 1 



Mapped I/O Mode for the 2350 to 2755 and 9650 to 9955 II 



1 




12 


13 14 


15 16 


17 


32 


12' 


S 


OCMP W»D OCONT 


MBP,* 


SBG NO 


OFFSET FOR TRANSFER 


START 1 



Mapped I/O Mode for the 6350 



* Must be zero. 



Format of EMA Control Word 
Figure 11-5 



Servicing a EMA Request 

When a controller wants to make a EMA transfer, it asserts a EMx 
request line to the processor. It specifies the type of transfer on 
the mode lines and the channel address on the BPA axiiress lines. 
Normally, the processor acts on the request one microstep after the 
request arrives. If only one request is pending, the processor 
services it ijnmediately. If more than one is pending, the processor 
services the request from the controller mounted in the lowest numbered 
I/O slot first, then it services the request from the controller in the 
next lowest slot, and so on. 
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When the prcx)essor pauses to servioe a request, it services all pending 
requests before resuming instruction execution or servicing an 
interrupt . 

Once the processor has selected a request for servioe, it fetches the 
quantity to transfer arxi either sends them over the bus, or stores them 
at the address specified ty the channel control words. For single 
16-bit transfers, the processor then increments the valiies of the 
16-bit quantity count aai transfer address by 1; for single 32-bit 
transfers (6350 only), the count is incremented by 2. If the 
incremented vaaue of this count is 0, the processor issues an BCR (end 
of range) signal. A count of any other value means that there is more 
data to transfer. 

At the eixi of each request, the count specifies the nviinber of 16-bit 
quantities left to transfer ajxi the transfer address specifies the 
address of the next quantity to transfer. At the normal end of the 
transfer, the count contaiais a aM the transfer address specifies 
either: the address of the last 16 bits transferred plus 1, or the 
address of the last 32 bits transferred plus 2. 



Burst Mode EMA 

Burst mode DMA has two forms: 16-bit burst mode and 32-bit burst mode. 
Only the 6350 supports 32-bit burst mode EMA. Of the earlier sjTStems 
listed on page 1-1, 16-bit burst mode is used only with the 750 and 
850. 

Burst mode EMA operations are similar to IMA transfers because they axe 
both set up the same way. Like regular EMA, burst mode EMA sets up a 
EMA cell and tells the controller what to transfer. The difference is 
that burst mode EMA sends four quantities of data in each transfer, 
rather than j\ist one. These may be four 16-bit quantities, or, for the 
6350 only, four 32-bit quantities. This mkes burst mode EMA efficient 
for transferring large blocks of data. After each transfer, the EMA 
range count and address are both incremented by either 4 (16-bit burst 
mode EMA) or 8 (32-bit burst mode EMA). 

The data to be transferred can be arbitrarily aligned in memory. 
However, burst mode will operate at ordinary EMA rates unless the data 
is aligned as follows: for 16-bit burst mode, aligned on a 64-bit 
bouixaary with at least 64 bits left in the range; for 32-bit burst 
mode, aligned on a 128-bit boundaj:y with at least 128 bits left in the 
range. 

Controllers designed to make 16-bit burst EMA transfers can make 16-bit 
burst EMA requests via the mode lines at any tiite. On processors that 
do not implement 16-bit burst EMA, single 16-bit EMA transfers will be 
generated by the processor, instead of 16-bit burst EMA transfers. 

On processors that do implement 16-bit burst EMA mode, a controller's 
request for a 16-bit burst EMA transfer will result in a 16-bit burst 
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EMA transfer if the data is 64-bit aligned and if there axe at least 64 
hits left to transfer. If both of these ooiriitions are not met, the 
processor will generate 16-bit EMA transfers. These 16-bit single 
transfers may occur at the beginning of a transfer until 64-bit 
alignment is achieved or at the end of a transfer because there are 
less than 64 bits remaining to be transferred, or both. 

The controller typically is not aware of the length of the transfer, 
its alignment in memory, or the type of CPU in the system. Therefore, 
the controller must be able to accept either 16-bit single EMA 
transfers or 16-bit burst EMA transfers from the CPU anytljne that it 
makes a 16-bit burst mode transfer request. 



Extended EMA 

Extended EMA operations, supported only by the 6350, are similar to 
ordinary EMA transfers with the following difference. In extended EMA, 
the EMA channel pair may be any even 32-bit location in memory in the 
supported I/O segments, rather than being restricted to the EMA 
register file. After setting up the ciiannel pair, extended EMA 
operates in a manner identical to EMA. Burst arei non-burst operations 
are permitted in this mode. 



EMC 

EMC operates in much the same way as IMA does. The differences are 
that EMC provides a total of 32,768 channels rather than j\ist 32, and 
that data blocks can contain up to 128K bytes. Also, the EMC transfer 
rate is much slower than that for EMA since EMC performs three memory 
operations per transfer versus one for EMA. 

EMC operations require a control word just as EMA operations do. The 
EMC control word, however, is not contained in the current register 
file, but in a 32-bit location in an I/O segment. Transfers must be in 
the same segment as the channel pair. Bits 1 to 16 of the control word 
contain the 16-bit address of the next 16 bits to be transferred; bits 
17 to 32, the 16-bit address of the last 16 bits to be transferred. 
(See Figure 11-6. ) The EMC control word must be aligned on an even 
16-bit boundary. 



16 17 32 



AER OF NEXT WORD TO TEIANSFER I AIR OF LAST WORD TO TRANSFER 



Format of EMC Control Word 
Figure 11-6 
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As in EMA service, a controller vises BPA to request the processor for 
memory access via a specified channel. When the processor can break 
its execution, it services any pending requests. If more than one 
request is pending, the processor services the request of the 
controller mounted in the lowest numbered slot first, then others in 
order of their priority. 

Once it has selected a request to service, the processor either reads 
or writes the contents of the location specified in bits 1 to 16 of 
that channel's control word. After the read or write, the processor 
increments the contents of bits 1 to 16 by 1. If the value before the 
increment equals the contents of bits 17 to 32 in the control word, the 
processor issues an BCR signal. If the two values are not equal, then 
there is more data to transfer. 

At the end of each request, bits 1 to 16 of the control word point to 
the next 16 bits to transfer. At the normal end of the transfer, bits 
1 to 16 point to the last transferred location plus 1. 



EMT 

DMT transfers are used by controllers that do not need an external 
control word stored in memory or in the register file. Since the 
controller specifies all the information necessary to perform the 
transfer, all channel control functions can overlap with processor and 
memory functions at a speed equivalent to that of EMA. EMT transfers 
are useful when manipulating tumble tables and channel programs. 

When a controller wants to request a EWT transfer, it uses BPA to ask 
the processor for memory access. When the processor can service the 
request, it transfers data to or from the controller. The address 
specified by the controller is either the sovu?ce or the destination of 
the data to transfer, depervilng on the transfer direction. 



Burst Mode EMT 



Supported by the 6350 only, 16-bit burst mode EMT operations are 
similar to single IMI' transfers because the controller specifies all 
information for the transfer, enabling channel control functions to 
overlap with processor and memory functions. The difference is that 
burst mode transmits four 16-bit quantities of data in each transfer, 
rather than just one. This makes burst mode efficient for transferring 
large blocks of data. 

The controllers do not request burst mode transfer unless they have 64 
bits or more of data to transfer. If the controllers have been doing a 
burst mode transfer but have, for example, 32 bits left, they must 
request ordinary TMI transfers. Controllers may only use this mode 
when they have been told to use it by the Operating System. This is a 
difference between burst EMT and burst EMA modes. 
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EM} 

Qiapter 6, DATATYPES, defined queues, their parameters, and how they 
are manipulated. As noted there, one of their uses is as a storage 
device. EM} operations use physic5al memory queues to hold data 
traveling between device and processor. 

To make a EM? request, the controller uses BPA to ask the processor for 
queue access via a selected QCB. (The qCB address specified over BPA 
must be aligned on a 64-bit boundary.) For an input operation, the 
processor adds the 16-bit contents of the specified address to the 
bottom of the queue (equivalent to an ABQ), if there is room. If there 
is no room, the processor sends an BCR signal to the controller. 

For an output operation, the processor removes the first 16 bits from 
the top of the queue (equivalent to an RTl}) aai transfers it to the 
specified address. If the queue contains no data, the processor issues 
an BCR to the controller, as well as 16 bits of zeroes. If the 
processor removes the last 16 bits from a queue, however, it does not 
signal the controller. 

EMQ is fully interlocked with the queue manipulation instructions shown 
in Qiapter 6. 



EMX ADCRESS FCBRMATICN 

The process that results in the formation of the addresses of the data 
during EMx transfers begins with a controller driving the I/O bos 
address lines. When the addresses are received by the CPU, they are 
interpreted and used differently based on whether the CPU is in mapped 
or unmapped I/O mode and which EMx mode is being requested by the 
controller. The controller. In general, has no knowledge of what modes 
the CPU is operating in or of the CPU type. 

Typically, there are two address formation processes that occur. The 
first forms the address of the channel control words. The seconl uses 
the channel control words to form the address of where the data is to 
be read from or written to. Table 11-10 shows how these addresses are 
formed and used in the the various EMx modes. 
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TaJDle 11-10 
EMX Address Formation 



1 1 Mapped 1 Channel i ' 
1 EMx 1 or Not 1 Control Word i I 
1 Model Mapped i (CW) Address i Current Data Address i 


1 TMI 1 Mapped I None i Virtual: Segment # = BPA 00, 99 i 
111 1 Offset = BPA 1 to 16 1 
III 1 Physical: Virtna.l mapped through i 
111 1 a TLB 1 

III 1 ' 
1 EMT 1 Not 1 None 1 Physical: BPA (18 bits) I 
1 1 Mapped 1 1 ' 


I EMA 1 Mapped I If BPA < 32. in i Virtual: Seg # = CW bits 15, 16 i 

II 1 reg addressed byl Offset = CW bits 17 to 321 

I 1 1 BPA + '40. 1 Physical: Virtual mapped through i 

III 1 a TLB 1 

II 1 If BPA >- 32, 1 Virtual: Seg # = Ctf bits 15, 16 1 
1 1 1 Virtual : BPA (18)1 Offset = CW bits 17 to 32! 
1 1 1 Physical: mapped I Physical: Virtual mapped through i 
1 1 1 virt. through TtBl a TLB I 

III 1 ' 
1 1 Not 1 If BPA < 32, in I Physical: OK bits 15 to 32 I 
1 1 Mapped I reg addressed ty i i 

I 1 1 BPA + '40 1 1 
III 1 ' 

II 1 If BPA >- 32, 1 Physical: CW bits 15 to 32 I 

I 1 1 Physical: BPA 1 1 

II 1 (18 bits) 1 1 


I EMC 1 Mapped 1 Virtual: BPA i Virtual: Seg # = Seg # of CW i 

II 1 (18 bits); 1 Offset = CW bits 1 to 16 i 
1 1 1 Physical: mapped i Physical: Virtual mapped through I 
1 1 1 virt through TLB I a TLB 1 

III 1 ' 
1 EMC 1 Not 1 Physical: BPA 1 Physical: CW bits 1 to 16 i 
1 1 Mapped 1 (18 bits) i ' 


1 EM1$ 1 Mapped 1 If (5CP,.V=0: I Physical: QGB bits 37 to 48 1 

I 1 1 QGB virtual is 1 Top or Bottom Pointer I 

II 1 BPA (18 bits); 1 1 
1 1 1 QCB physical is i ' 
1 1 1 virtuaJl. mapped i ' 
1 1 1 through TLB 1 I 

1 EM} 1 Not 1 If qpB.W=0, phys. 1 Physical: QGB bits 37 to 48 i 
1 1 MappRd 1 is BPA (18 bits) i Top or Bottom Pointer i 
ill 1 

1 EMQ 1 Mapped l If (5CB.V=1, 1 ' 
1 1 or Not 1 invalid operation! i 
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Notes to Table 11-10 

For EMA: In not mapped I/O, if BPA < 32, the control woid is 
in a register. In mapped I/O, if BPA >= 32, the control woid 
is in main memory. 

For EMC: The control word is in main memory. 
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A 

Power-up 



PQWER-U? AND SYSTEM INITIALIZATION 

All 50 Series processors perform the following steps in the sequenoe 
shown for power-up and sj^stem lnitiali2ation. 

1. Power becomes valid. 

2. VCP (Virtual Control Panel) or maintenance processor conducts 
self tests. 

3. CPU micro-diagnostics perform processor validation. 

4. CPU initializes to the state shown in Table A-1. 



Note 

The failure of step 2, 3, or 4 stops the entire process and. 
causes an error message to be displayed. 
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Table A-1 
CPU Initialization Values 



Element Initialized 

CRS (canrent register set) 

Registers in CRS 

All EMA (direct inemory axx^estj) 
I/O registers but 6 

EMA register 6 

Keys 

Modals 
Program counter 



Initialized Value 

(specifies RF2, 
the first user 
register set) 

0, generally 

Undefined 



(or 3)/ '1000 
(maimfacturing 
test equipment) 

(addressing 
mode now 16S) 



Ring 0, segment 0, 
offset '1000 



RSAVPTR (register save pointer) i 
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Earlier Processors 



The earlier processors are the following. 



2250 


850 




750 


650 


550- 


II 


550 


500 


450 




1450 


400 


350 




250-11 


250 


150 







This appendix discusses the implementation of the 50 Series 
axGhitecture on these eaxlier systems, so called because they were 
produced earlier than the 9950. 

The discussion of arcMtectural topics in this appendix is presented in 
the order that they were presented in Chapters 1 through 11 of this 
guide. For example, the first section in this appendix is System 
Ovenn^, which is the title of Chapter 1; the last section is 
Input-Ouput , the title of Chapter 11. 
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SYSTEM OVERVIEW 



Chapter 1 presented an ovewiew of the major units of the arcihitectTire 
common to all 50 Series processors. All 50 Series processors bat the 
850 have a single-stream architecture; the 850 has a dual-stream one. 
Both single-stream and dual-stream architectures as implemented on the 
earlier processors are discussed below. 



Single-stream Architecture 

A 50 Series processor with single-stream architecture can be divided 
into four major units as shown in Figure 1-1. These units are the 
cache and STLB, the control store, the execution unit, and the 
instruction unit. The following paragraphs describe eaxih of these 
units as implemented in the earlier single-stream processors. 

Cache and STLB : For the earlier processors, the cache and the STLB 
vary only in the amount of information that they can contain. For the 
750 and 850, each cache entry contains information about four bytes of 
recently accessed physical memory, as do those of the 2350 to 9955 II. 
For the other earlier processors, each cache entry has information 
about two bytes. The STLB of all earlier processors contains the 
results of the last 64 virtual-to-physical address translations. 

The Control Store Unit : The earlier processors support up to 64 Kbytes 
of ROM control store address space. 

The Execut ion Unit : The execution unit elements appear in Figure 1-2. 
These elements are: an integer arithmetic logic unit (AUJ), a decunal 
ALU, a floating-point unit, and register files. Of these elements, 
only the number of register files varies according to processor type. 
The earlier processors have fo\ir register files: one microcode and 
system status register file, two user register files, and one direct 
inemo3?y access file. 

The I nstruction Unit : Of the earlier processors, only the 750 and 850 
have an instruction unit, designed to speed up execation by processing 
information about instructions before execution. mien the execution 
unit is performing an add or similar operation for instruction n, the 
instruction unit is worldng on the next two instructions. This unit is 
decoding instruction n+1, calculating its address, and determining what 
registers if any. areTo be accessed. It is also fetching instruction 
n+2 from the cache so that it can be decoded when instruction n+1 



j~%ne^r\^* 



unit finishes'one operation, the instruction unit has already done the 
calculations necessary to allow the execution unit to perform the next 
instruction without delay. 
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Dual-Stream Arcblteoture 

The 850 processor has a dual-stream version of the 50 Series 
axGhitecture. This dual-stream natiire enaijles the 850 to provide 60% 
to 80% more service than the 750. Figure B-1 shows a block diagram of 
the 850 dual-stream architectvire. 



Instruction Stream Units : The 850 contains two Instruction Stream 
Units ClSUs), each of whicih is similar in capabilities to a 750 CPU. 
Eadb. ISU executes an iixiependent stream of instructions simultaneously, 
synchronized hy a Stream Synchronization Unit (SSU). (See below.) 
Each ISU is responsible for: 

• Full instruction decode 

• Effective address calculation 

• Instruction execution 

• Calculating data for the anticipated next instruction 

The four blocks shown in each ISU contain the same eleitents aM perform 
the same functions as those described in the first part of this 
chapter. 

The two ISUs share one copy of the operating system. PRIMOS is 
reentrant and can run on either ISU (as can any user program) , so 
duplicate copies are not needed. System actions are also simplified, 
since there is no need to check for or handle discrepancies caused ty 
different versions of the operating system. 

Stream Synchronization Unit : The primary task of the SSU is to prevent 
improper information from being loaded into the cache of either ISU. 
It does this by maintaining a list of the contents of both caches. 
When data is written into either cache, the SSU detects it and 
invalidates the contents of the appropriate entry in its list of cache 
contents. This means that the SSU alwasTS knows which cache locations 
contain current information and which do not. 

Vhen a cache location in one of the ISUs contains information that is 
out of date, the SSU notifies that ISU of the discrepancy. That ISU 
invalidates the stale entry, thvis forcing a memory read to the current 
information the next time that location is referenced. 

In addition to ^mchronizing cache references, the SSU also coordinates 
references to memory and system handlers. The two ISUs shaxe one main 
memory, one operating system, and one copy of several system haixiLers. 
To ensure that these resources are used effectively and efficiently, 
the SSU contains four locks. 
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Dual-stream Architectiire 
Figure B-1 
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The prooess exchange look aids the process exchange medhanism (see 
Appendix C) to transfer control smoothly between processes on both 
ISUs. The queue lock controls situations in which simultaneously 
executing queue instructions (one on each ISU) are vying for access to 
a single queue. It ensures that both instructions get access, but that 
neither one interrupts or interferes with the other. The check lock 
allows only one ISU to signal a check at a time, thus guaranteeing that 
the single set of chec^ handlers services all checks. The fourth lock, 
the mutual exclusion lock , can be used by software to prevent both ISUs 
from trsTing to access a particular procedure or piece of data at the 
same time. 

Diagnostic operations and communications between ISUs are also haaHed 
througlx the SSU. The former feature aids in system monitoring aai 
testing; the latter enhances the 850 's ability to execute iniepeaient 
instruction streams without higji system overhead. 



PHYSICAL AND VIRTUAL MEMCRY 

Chapter 2 discussed the dbaraoteristics of the 50 Series virtual and 
physical memory. Virtual memory is the same for all 50 Series 
processors. There are three types of physical memory on the 50 Series: 
cache, main memory, and disk. As implemented in the earlier 
processors, the cache size and hit rate vary according to processor 
type as shown in Table B-1. 



Table B-1 
Cache Sizes and Hit Rates for Earlier Processors 



S3^tem 


C^u^he Size 


Hit Rate i 


150 to 500 


2 Ktytes 


85% I 


550-11 to 650 


8 Kbytes 


90% 1 


750 


16 Ktytes 


95% 1 


850 


32 Ktytes 


95% 1 


2250 


2 Ktytes 


85% 1 



The Memory Management section in this appendix discusses the cache 
entry format implemented on the eaxlier processors. The main memory of 
the earlier processors is convprised of one-megabyte E Series memory 
boards. Earlier processors such as the 2250 that have a 16-bit wide 
data path require a minimum of one memory board. The earlier 
processors such as the 750 that have a 32-bit wide data path require a 
minimum of two memory boards. The total memory capacity of the earlier 
processors, lUse that of the 2350 to 2655, 9650, and 9655, is 8 
megabytes. Disk memory is the same for all 50 Series processors. 
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AECRESSING 

Qiapter 3 discussed the kinds emd modes of addressing supported by the 
50 Series processors. Virtvial address camponents aai instruction 
formats are the sajme for all 50 Series processors. The earlier 
processors support four of the five types of address formation: 
direct, irxiexed, indirect, and indirect indexed. Neither general 
register relative (.GSR) address formation nor C language pointers are 
supported on the earlier processors. 

All addressing modes axe supported hy all 50 Series processors. For 
the earlier processors, the addressing range of 321 mode long is four 
segments because (3?R is not supported. 

In the tables of Chapter 3, only two vary according to processor type: 
64V mode address formation for nonindexing instructions, and address 
trap action for short 64V mode instructions. 



Table B-S shows 64V mode 
processors for the nc 
QFIiX, STX, and STY. 



address formation performed ty the eaxlier 
instructions DFLX, FIX, JSX, LDX, LDY. 



Table B-2 
64V Mode Address Formation for Nonindexing Instructions 



1 I 

1 

1 


X 


Y 


750 a,nri 850 


Rest of Eaxlier I 
Processors i 


1 








Direct 


♦Direct 1 


1 





1 


Direct 


Index by Y i 


1 


1 





Direct 


♦Direct 1 


1 


1 


1 


KA) 


KA+X) 1 


1 1 








1(A) 


KA+Y) 1 


1 1 





1 


KA) 


*KA) 1 


1 1 


1 





KA) 


I(A+X) 1 


1 1 


1 


1 


KA) 


*KA) 1 



Notes to Table B-2 

* These modes shovild be used to ensure consistent behavior 
across processors. 

The symbol A in Table B-2 represents the value calculated from 
the base register (PB, SB, LB, or XB) and displacement in the 
instruction. 
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Table B-3 shows how the earlier processors take address trap action for 
short 64V Mode instructions. 



Table B-3 

Address Trap Action for Short Format 
Instructions, 64V Mode 



I I X 













1 
1 
1 
1 



Action 











1 


1 
1 








1 



1 


1 



1 



'0 to '7 I 
'10 to '37 

'40 to '377 
-'340 to +'377 

'0 through ATR 



From ATR to '377 

'400 to '777 
-'340 to +'377 

'0 to '777 
-'340 to +'377 

'0 to '777 
-'340 to +'377 



Takes address trap. 

Takes address trap only if 
segmentation is off. 

Cannot take address trap. 

Takes address trap if EA (P+D) is 
within the ATR. 

Takes address trap if DfX is 
within the ATR. If DfX is 
outside the ATR, the EA is 
SB(seg #) I D+X (750 and 850*). 
or SB(seg #) I DfX+SB(word #) 
(rest of earlier processors). 

Cannot take address trap; EA is 
SBfDfX (750 and 850*). Rest of 
earlier processors take address 
trap if DfX is within the AOH. 

Cannot take address trap. 

Takes address trap if EA (P+DfX) 
is within the ATR. 

Takes address trap if D is 
within the ATR.** 

Takes address trap if EA 

( (P+D) ) is within the ATR.** 

Takes address trap if D<'100 and 
DfX is within the ATR.** 

Takes address trap if EA (P+D) 
is within the ATR.** 



Notes to TaJjle B-3 

* Same action taken for the 2350 to 9955 II. 

** The indirect address also takes an axMress trap if EA is 
within the ATR. 
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MEMCRY MANAGEMENT 



Chapter 4 told how a virtual address is translated into a phj^ical 
address. This included a discussion of memory management data 
structures, accessing the STLB and cache, and address translation. The 
littplementation of these items varies for the eaxlier processors as 
described below. 



Memory Management Data Structiires 

As discussed in Chapter 4, all 50 Series processors have the following 
memory majiagement data structures: an STLB, a cache, four DTARs, many 
SETS, aM either HMAPs or FMTs. The earlier processors have HMAI^, as 
do the 2350 to 2655, 9650, aixi 9655; all other 50 Series processors 
have FMTs. 

The STLB of the earlier processors has 64 entries whose format is shown 
in Figure B-2. The meaning of the STLB entry contents is identical to 
that contained in Table 4-3. 



12 3 4 6 


7 9 10 21 22 33 34 45 


IVIMISI RING 1 1 


RING 3 IPROC IDI SRG 1 PHYS ACR 1 



STLB Entry Format for the Earlier Processors 
Figure B-2 



The bits used ty the earlier processor in their hashing algorithm are 
ETAR bits 1 atxi 2, segment bits 9 and 10, and page bits 1 to 6. The 
hashing algorithm of the earlier processors is shown in Figure B-3. 
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Page Bit 1 
ETAR Bit 1 
Page Bit 2 
DTAR Bit 2 
Page Bit 3 
Sag Bit 10 
Pa^e Bit 4 
Seg Bit 9 
Page Bit 5 
Page Bit 6 



XCR 



XCR 



XQR 



XCK 



— STUB Address Bit 1 
~ STLB Address Bit 2 

— STLB Address Bit 3 

— STLB Address Bit 4 

— STLB Address Bit 5 

— STLB Address Bit 6 



STLB Hashing Algorithm for the Earlier Processors 

Figure B-3 



The cache entry format of the earlier processors varies according to 
processor type. The cache entry format of the 750 and 850 is the same 
as that of the 2350 to 2655, 9650, and 9655 tecause it includes 32 bits 
of data. For the rest of the earlier processors, the cache entry 
format includes 16 bits of data. Both of these formats are shown in 
Figure B-4. 
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11 12 1 

I V I PffiTSIGAL PAGE NUMBER I 



32 



DATA 



750 gmd 850 Cache Entry Format 
(Liie That of 2350 to 2655, 9650, and 9655) 



11 12 1 

V I PHYSICAL PAGE NUMBER I 



16 
DATA I 



Cache Entry Format of Other Earlier Processors 



Number 
of Bits 


Mnemonic 


Description I 


1 


Valid 


The cache holds valid data when this bit i 
contains 1. i 


12 


Physical 

Page 

Number 


Specifies the n\imber of the physical page i 
that conta,1"nR the specified location. i 


16 or 32 


Data 


Contains a copy of the contents of a i 
location in physical memory. i 



Cache Entry Format of the Eailier Processors 
Figure B^ 



The DTARs and SDTs are the same for all 50 Series processors. 

The HMAPS used by the earlier processors are the same as those used ty 
the 2350 to 2655, 9650, and 9655. The HMAP format is shovm in Figure 



Accessing the Cache and STLB 

As discussed in Chapter 4, a slightly different set of actions is 
performed to access the cache and STLB depending on whether the 
operation is a read or a write. Write memoiy access is the saite for 
all 50 Series processors. Read memory acoess varies only In the nuiriber 
of vii"tual address bits used to reference an. entry in t±je cacue ui^ex. 
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The 750 emd 850 \ise bits 20 to 32 of the virtual address, as do the 
2350 to 2655 aM 6350 to 9950. These hits aj?e the least significant 
three bits of the page field and the 10-bit offset field. 

The 1450 and 550-11 hardware uses virt\ial address bits 21 to 32. These 
bits are the least significant two bits of the page field aol the 
10-bit offset field. 

For the other earlier processors, the hardware uses virtual address 
bits 23 to 32 as the address of a cache index entry. These bits are 
the 10-bit offset field. 

The few page field bits mentioned above C3?eate a virtually mapped cache 
described in Chapter 11 and the Input-Output section of this Appeidix. 



AMress Trajislation 

Address translation for the earlier processors is the same as for the 
2350 to 2655, 9650, and 9655. This process is diagramrted in Figure 
4-16. 



CDNTROL INFCRMATIQN AND RESTRICTED INSTRUCTIONS 

Chapter 5 discussed the modals, keys, and restricted instructions. The 
modals and restricted instructions are the same for all 50 Series 
processors. The keys are also the same for all 50 Series sj^tems, with 
the exception of bits 12 to 14 of the V mode and I mode kej^s. 

For the format of the V and I mode kejrs, see Figure 5-4. Bits 12 aM 
13 (ASCII-8 and RND, respectively) are disregarded on the earlier 
processors. Bit 14, the P850 bit, is \ised only ty the 850 processor. 
(For further details of the P850 bit, see Appendix C which describes 
process exchange on the 850.) 



DATATYPES 

Chapter 6 discussed the datatypes supported by the 50 Series 
processors: fixed point data, floating-point numbers, decimal 
integers, character strings, and queues. With the exception of 
floating-point n\unbers, each of these datatypes is represented in the 
same way for all 50 Series processors and has the same operations and 
instructions available to manipulate each type. 

Some aspects of floating-point representations aM operations vary 
according to processor type. The floating-point features for the 
earlier processors are presented below. 
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The earlier processors support single precision (SP) and double 
precision (DP) operations, but not quad precision (QP). 

The memory format of SP and DP floating-point numbers is the same for 
all 50 series processors as is the double precision accumulator (DAC); 
these axe shown in Figure 6-4. 

The single precision accumulator (FAC) format for the earlier 
processors 750 aM 850 is the saite as shown in Figure 6^. For the 
rest of the eaxlier processors, however, the FAC format is as shown 
below in Figure B-5. 



32 33 48 

FRACTICN I EXPCJNENT I 



SP Floating-point Accumulator Format for Earlier Processors 

Figure B-5 



Floating-point overflow and \jnderflow are the same for all 50 Series 
processors. 

The use of guard bits during normalization varies according to 
processor type. Floating-point multiply instructions for the 550-11, 
650, 750, and 850 keep guard bits for normalization \ase; for all other 
floating-point instructions, however, these processors shift in only 
zeroes during normalization of the results and do not use guajd. bits. 
For the rest of the eaxlier processors, no guajxi bits are saved; this 
processor shifts in only zeroes during normalization. 

Floating-point rounding varies according to processor type. See Table 
B-4 below for rounding on the earlier processors. 
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TELblG B-4 
Rovinding Prerequisites and Prooedui^s of the Eaxlier Processors 



TjTpe 1 550-11, 650, 750, arvi 850 


Rest of Ea.Tlier Processors i 


SP 1 Add, subtract, multiply: 
1 FRN compiler option rounfis 
1 result just before store. 
1 (See Store below.) 


Add, subtract, multiply: I 
FRN compiler option rounds I 
result just before store. i 
(See Store below. ) i 


1 Divide: 

1 Alwa}^ rounds. 33 fraction 
1 bits are generated for 
1 rounfling to 32. 


Divide: 1 
Rounding never done. i 


1 Store: 

1 FRN rounds aivl normalizes 
1 just before the store. 
1 If FAC bit 25 = 1, then 
1 add, 1 to bit 24 and zero 
1 rest of FAC fraction. 


Store: 1 
FRN round f! and normalizes I 
just before the store. i 
If FAC bit 25 = 1, then I 
add 1 to bit 24 and zero I 
rest of FAC fraction. I 


1 Compaxe and Skip: 
1 Roimding never done. 


Compare aM Skip: i 
Rounding never done. I 


DP 1 Divide: 

1 49 f rax3tion bits generated 
1 for roimding to 48. 


Divide : 1 
Rounding never done. I 


1 Other instructions: 
1 RouTviing never done. 


Other instructions: i 
Rounding never done. i 



The discussion of nonnalized versus unnontalized operands in Chapter 6 
applies equally to all 50 Series processors. Divide produces 
ijadeterminate results on the 550-11, 650, 750, aixi 850 (as well as the 
2350 to 9955 II) when confronted with \annormalized numbers. 

Floating-point accuracy and precision vary according to processor type. 
Tables B-5 and B-6 summarize floating-point accuracy and precision for 
the eailier processors. 
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TsLble B-5 
Floating-point Instruction AccuraxDy for the Earlier Processors 





750 


550-11 


Rest 


of Earlier i 


1 Instruction 


aai 850 


aTYl 650 


Systems i 
1 


1 FAD 


48 


32 




32 1 


1 DFAD 


48 


48 




48 1 


1 FSB 


48 


32 




32 1 


1 DFSB 


48 


48 




48 1 


1 FMP 


48+ 


32+ 




29 1 


1 DFMP 


48+ 


48+ 




45 1 


1 l-'JJV 


31* 


31* 




30 1 


1 Dbm 


47* 


47* 




46 1 



Notes to Table B-5 

+ means 2 extra guard bits are used. 

* means rounding is always performed. 

The values in Table B-5 refer to the nuinber of fraction bits 
guaranteed to be accurate for the indicated processor. This 
number includes the sign bit because the fraction represents a 
two's complement value. Other manuals may emulate a 
sign-magnitude representation in statements about accuracy. A 
sign-magnitude representation requires a 1 to be subtracted 
from all entries in this table. Worst case normalization is 
inclTJded in all results. The accuracy of an infinite precision 
result lies closer to the nuinber indicated than to either of 
its neighboring representations. 
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TSLble B-6 
Floating-point Precision for the Eaxlier Processors 





750 


550-11 


Rest of Earlier 1 


Precision 


and 850 


and 650 


SjTStems 1 


Fraction Bits: 








Memory 


24/48/— 


24/48/— 


24/48/— 1 


Accuimilator 


48/48/— 


32/48/— 


32/48/— 1 


Exponent Bits: 








Memory 


8/16/— 


8/16/— 


8/16/— 1 


Accuimilator 


16/16/— 


16/16/— 


16/16/-- 1 


Guard Bits 


2 for 


2 for 


None 1 




multiply 


multiply 


1 


Rounds 


For divide 


For divide 


No 1 


Automatically 









Notes to Table B-6 

The nijiriber of fraction and exponent bits is shown in SP/DP/QP 
form. 

The fraction values in Table B-6 refer to the number of 
fraxjtion bits for the indicated processor. This number 
includes the sign bit because the fraction represents a two's 
complement value; other manxxals may emulate a sign-magnitude 
representation. A sign-magnitude representation requires a 1 
to be subtracted from all fraction entries in this taW.e. 



750 and 850 Systems : The 750 and 850 processors operate in DP even 
when executing SP instructions. Floating load instructions zero 
accumulator bits 25 to 48. SP add, sribtract, and multiply instructions 
do not truncate accumulator fractions to 32 bits, resulting in an 
additional 16 bits of precision. The multiply instruction keeps extra 
bits of precision that are used during normalization. 

In an SP divide instruction, one fraction is 48 bits aixi the other is 
24 bits. This instruction generates 33 fraction bits ani rounds to 32 
before placing the result in the SP accumulator. A DP divide 
instruction, however, generates 49 fraction bits anl rounas to 48. 



550-11 and 650 Ss^ems : A 550-11 or 650 system has a separate 
double-precision hardware floating-point unit. These sj^stems insert 
zeroes in fraction bits 25 to 48 of an SP memory argument before 
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loading the acjcumulator. They also zero fraction bits 33 to 48 for 
axguments from the SP aocumulator. All axithmetic operations are then 
performed in DP. 

Fractions axe trunoated to 32 bits to place the results in the FAC, 
leaving the low order 16 bits alone in the overlapped DAC. Storing a 
nianber in SP memory truncates a number further to 24 bits. A multiply 
Instruction alone preserves two extra bits of precision for use in 
normalization . 

A divide instruction automatioally generates an ^ra fraction bit for 
rounding the result to 32 bits (SP) or 48 bits (DP). 

A single precision floating load instruction alwe.ys zeroes accumulator 
bits 25 to 48 before actually loading the nuniber for ss^stems with 
PRIMOS Rev. 18 or above. 



Other Eajlier Systems : When an SP number is loaded from memory to the 
accumulator, zeroes are placed in FAC fraction bits 25 to 32. After 
performing a floating-point operation, the FAC fraction contains a 
32-bit result. To store this result in SP memory, the processor 
truncates bits 25 to 32 but leaves bits 33 to 48 alone. 

DP memory and accumulator fractions both have a capacity of 48 bits, so 
no bits of precision disappear when transferring DP numbers from one 
place to the other. 

A single precision floating load instruction always zeroes accuinulator 
bits 25 to 48 before acttially loading the number for systems with 
PRBDS Rev. 18 or above. 



Converting Datatypes 

The conversion of floating-point numbers to integers and vice versa is 
the same for all 50 Series processors with the exception that the 
earlier processors do not have quad precision. Therefore, the earlier 
processors cannot convert quad precision nuitibers to integers and vice 
versa. 



ALTERING SEQCJENTIAL FDCW 

Chapter 7 discussed the instructions that alter the sequential flow of 
a program: branch, skip, and jump. These instructions are the same 
for all 50 Series processors. 



Second Edition B-16 



EAEILIER PROCESSCRS 



STACKS AM) PROCEDURE GAII£ 

Chapter 8 discussed stacks stod their management, entry control blocks, 
indirect pointers, gate access, mafclng a procedure call, and the ARGT 
and ERTN Instructions. All of these items are the same for all 50 
Series processors. 



PROCESS EXCHANGE 

Chapter 9, PROCESS EXCHANGE, discussed the process exchange mechanism 
(PXM) on single-stream 50 Series processors. Since the 850 has a 
d'ual-stream architecture, process exchange on this earlier processor is 
discussed in Appendix C. 

The main elements of the PXM are the same for all single-stream 50 
Series processors. Thus, they have the same process control blocks, 
ready list, wait lists, WAIT instruction, NOTIFY instructions, and 
dispatcher. 

As discussed in Chapter 9, three types of register files form the 
register set: microcode and sjrstem status register files; vtser 
register files; and a EMA channel register file. The n\3mber of 
register files in a register set, however, varies according to 
processor type. 

There are four register files for the earlier processors: two user 
register files, one microcode aM ^stem status register file, and one 
EMA channel register file. The allocation for these register files 
appears in Table B-7. 



Table B-7 
Register File Allocation for the Earlier Processors 



Register File i Absolute Locs i Use 



RFO 

RFl 
RF2 
RF3 



to '37 

'40 to '77 

'100 to '137 

'140 to '177 



Microcode scratch and ^stem 

registers 
32 EMA channels 
User register set 2 
User register set 3 



Note to Table B-7 

The two user register sets listed in this table axe called -user 
register sets 2 and 3 to correspond with their register file 
nvimbers RF2 and RF3. 
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The format of eaah user register file is the same for all 50 series 
processors aM is shown in Table 9-5. The EMA dhaimel register file, 
shown in Table 9-6, is also the same for all 50 Series processors. The 
format of the single microcode scratch and system status register file 
for the earlier processors appears in TaJble B-8. 



TaiiLe B-8 
Microcode Register File, RFO, for the Earlier Processors 



1 Log 


Contents i i Loc 


Contents i 


1 


TEIO 1 


1 '20 


ZERO, ONE 1 


1 1 


TRl i 


1 '21 


PBSAVE 1 


1 2 


TBZ 1 


1 '22 


RCMX3 1 


1 3 


TR3 1 


1 '23 


RmK4 1 


1 4 


TR4 1 


1 '24 


C37? 1 


1 5 


TR5 1 


1 '25 


MINUSl, MIMJS2I 


1 6 


•ERe 1 


1 '26 


WAUIK 1 


1 7 


TR7 1 


1 '27 


DSWPARmr 1 


1 '10 


REWXl 1 


1 '30 


PSWPB 1 


1 '11 


REMXii 1 


1 '31 


PSWKEYS 1 


1 '12 


USGAI1IH*,RB0IV#I 


1 '32 


PPA, PfTRA 1 


1 '13 


BPC7?^ 1 


1 '33 


PEE, RIKH 1 


1 '14 


RSU'l-a 1 


1 '34 


DSWRMA 1 


1 '15 


RBOCl 1 


1 '35 


DSWSTAT 1 


1 '16 


RBCXJ2 1 


1 '36 


DSWPB 1 


1 '17 


, RATMPL* 1 


1 '37 


RSAVPi'K 1 



* Used only for the 750 and 850 systems. 

# The locations for RBOIV aiid RATMPL are 
switched on the 2250, 250, 400, and 
550-11. 



The nature of the process interval timer varies according to processor 
type. The 550-11, 1450, and 850 use a timer ax)curate to the 
microsecond, as do the 2350 to 9955 II. These processors also support 
the two instructions that manipulate the process timer as shown in 
Table 9-12. 



The process interval timer of the other earlier processors is 
to the millisecond. 



accurate 



As discussed in uiapter 9, the basic steps of the dispatcher operation 
are the same for all 50 Series processors. These stejs are as follows. 
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1. Turn off the process interval tliner. 

2. Choose a process to run. 

3. Select a viser register set for that process. 

4. Turn the process interval tijmer bacik on. 

Step 1 varies only in the number of bits used for the process interval 
timer in location '30 of the current register set. Bits 1 to 26 are 
\ised for the 1450, 550-11, ajid 850, as is the case for the 2350 through 
9955 II. Bits 1 to 16 are used for the other earlier processors. 

Step 2 is the same for all 50 Series processors. 

The operation of Step 3 for the earlier processors is shown in Figure 
B-6. For the earlier processors, the dispatcher makes the other user 
legister set the current register set. 

Step 4 is the same for all 50 Series processors. 



INTERRUPTS. CHECKS, FAULTS, AND TRAPS 

Chapter 10 discussed interrupts, faults, checks, and traps. The 
following paragraphs discuss the iirrplementation of these breaks in 
execution for the earlier processors. 



Interrupts 

The two types of interiripts are ejctemal and memory increment. 
External interrupts are the same for all 50 Series processors. Memory 
increment interrupts are supported only on the earlier processors, and 
are described below. 



Memory Increment Interrupt : Service for this interrupt is alwajrs the 
same, regardless of the process exchange mode. The processor uses the 
address supplied ty the controller as a 17-bit offset into either of 
the I/O segments, or 1 (if in mapped I/O). This offset addresses a 
halfword whose contents the processor increments by 1. If the 
incremented value does not equal 0, the processor does nothing more and 
returns. 

If the incremented value does equal 0, the processor generates an 
end-of -range (BOR) signal on the I/O bus aai returns. The i-equesting 
device typically generates an external interrupt when the BCR is 
generated. 

Unlike the external interrupt, the memory increment interrupt cannot be 
masked out and can occur at any fetcii cycle break. 
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Register Set Allocation Algorithm for the Eaxlier Processors 

Figure B-6 
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Returning From a tfemory IJacsreroent Interrupt : While the PXM mode does 
not affect service of this Interrupt, it does determine where the 
processor ret\ims to upon service convpletion. When the PXM is enabled, 
the processor returns to the fetch cycle or the dispatcher, depending 
on where the interrupt occurred. In the case of the dispatcher, the 
processor always retiims to the top of the dispatcher aixi does not 
change the PB or KEYS. 



When the F!XM is disabled, the processor alwaj^s 
qyde. 



returns to the fetch. 



Standard Interrupt Mode : Standard mode interrupts, although supported 
Toy all CPUs, are not losed ty PRIMOS. Current processors and 
controllers support this interrupt mode, but future ones will not. 
Obviously, the use of standard interrupt mode is strongly discouraged. 

During standard mode I/O Interrupts, the I/O bus address lines received 
ty the GPU axe interpreted and used differently based on the mode that 
the CPU is in. The controller has no knowledge of which of these modes 
the CPU is operating in or of the CPU type. The controller actions 
during interrupt cjTCles are always the same. 

When performing interrupts the CPU reaches the interrupt response code 
by performing an indirect JMP or JST through offset '63 as shown in 
Table B-9. 

Table B-9 
Address Formation for Standard Interrupt Mode 



Interrupt 
Mode 


PXM 
Enabled? 


Mapped 
I/O? 


Indirect Jump 
Aridress 


Instruction i 
Emulated i 


Standard 


No 


No 


Ph37Sical = '63 


JST '63,* 1 


♦Standard 


Yes 


No 


Physical = '63 


JMP '63,* 1 


♦Standard 


No 


Yes 


Segment 0, 
offset = '63 


JST '63,* 1 


*Sta,niifl.Txi 


Yes 


Yes 


Segment 4, 
offset = '63 


JMP '63,* 1 



# means not recommended. 



In standard interrupt mode, only one IRC can execute at a time, so the 
IRC has nothing to clear or save (other than the contents of any 
registers it intends to use) before reenabling interrupts. As in 
vectored mode, the IRC completes the rest of its operation and 
transfers control back to the location whose address is contained in 
the first IRC location. 
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Faults 



Of the twelve types of faults, eleven are supported by all 50 Series 
systems: RXM, process, page, SVC, UII, ILL, aooess, arithmetic, stack, 
segment, ar^ pointer. Only semapihore faults are not supported, by the 
earlier processors. 

Fault handling is the same for all 50 Series processors, excluding the 
handling of integer exceptions. For a 750 or 850, from one to foxir 
instructions are executed before the integer overflow exception occurs 
arxi the faiilt is taken. (The only exception to this is in the case of 
divide by zero, whicli alwa37S points to the next instruction.) 

For the other earlier processors, when an integer overflow exception 
occurs, the resulting fault is taken before the next instruction is 
started. The program counter points to the next instruction suitable 
for execution. If, however, an ECCC check; becomes pending at the same 
time as the integer exception, that integer exception will be lost. 

Table 10-10 shows arithmetic exception codes. In this table only the 
FOCDEH contents for a decimal overflow exception vary according to 
processor type. These contents axe $700 for the 750 and 850 as well as 
the 2350 to 9955 II. For the other earlier processors, the FCODEH 
content on a decimal overflow is $704. 



Checks 

Four of the six types of checks apply to all 50 Series processors: 
power falliire, memory parity error, machine check, and missing memory 
module. The earlier processors do not have environmental checks or 
recoverable machine checks. 

The check haixiler is the same for all 50 Series processors in that it 
uses a check header, check vectors, diagnostic status words, and the 
MCM field of the modals. Of these items, only the diagnostic status 
words vary according to processor type. The DSWPARITY of the 750 and 
850 appears in Table B-10. No other earlier processor has a E6WPARITY. 
Table B-11 shows the DSWSTAT for the earlier processors. Tables 10-20 
and 10-21 show the DSWRMA and DSWPB, respectively, for all 50 Series 
processors. 
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Table B-10 
Format of DSWPARIIY Register for the 750 and 850 



1 Bits 


1 Name 


1 Description i 


1 1 


1 RPA Parity 


1 If 1, the control store ha.s detected a i 




1 Error, Type 1 


1 parity error as follows: I 
1 EMx input E6: BED or Burst- RO, R2 1 
1 EMx input E5: BPD or Burst- I 
1 RO, Rl, R2, R3 1 
1 EMx output: HMD. i 


1 2 


1 RPA Parity 


1 If 1, EMx input E6: BPD or Burst- Rl, R3 1 




Error, Type 2 


EMx input E5: BED I 
EMx output: BMA. 1 


1 3 


Burst-mode EMx 


If 1, the control store detected a i 




Parity Error 


EMx burst mode parity error. i 


1 4 


EMx I/O Parity 


Setting specifies that the control store i 




Error 


detected a EMx pa.rity error as follows : I 
0: EMx input I 
1: EMx output. 1 


1 5 to 7 


J Boaxd Parity 


The J board detected a pa-rity error i 




EiTors 


as follows: i 
000: peripiheral reports BPD error i 

(output) 1 
001: base register file high i 
010: memory reports BMD error (write) I 
Oil: prefetch buffer address i 
100: peripheral reports BPA error I 

(output) 1 
101: base register file low i 
110: memory reports BMA error I 
111: prefetch buffer instruction. i 


1 8 


RCM Parity 


If 1 and no board reported an error, then I 




Error 


an RCM parity error has been detected. I 


1 9 


EOCC Error 


If 1, memory detected an EOC i 
uncorrectable error on read. i 


1 10 


Prefetcii Board 
Parity Error i 


If 1, prefetch board parity error. i 


1 11 1 


BPA Input I 


If 1, BPA input parity error (IMx or I 




Parity Error I 


interrupt) . i 


1 12 1 


RDX Parity I 


If 1, RUX. parity error when most I 




Error I 


recently closed. i 


1 13 1 


Register File i 
Parity Error i 


If 1, register file parity error. i 


1 14 1 


REA Parity 1 


If 1, REAH or REAL parity error. 1 




Error i 
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Table B-10 (continued) 
Format of DSWPARITY Register for 750 and 850 



1 Bits 1 


Name i 


Description i 


1 15 1 


EMx Cycle 1 


If 1, parity error occurred during 1 




Parity Error i 


EMx cycle. 1 


1 16 1 


AP Board i 
Parity Error i 


If 1, AP board detected paxity error. i 


1 17 1 


C Boeird i 
Paxity Error I 


If 1, C board detected paxity error. i 


1 18 


HMD Input Even I 
Parity Error 


If 1, BMD input even word parity error, i 


1 19 


BMD Input Odd 
Paxity Error 


If 1, BMD input odd word parity error. i 


1 20 


Missing Memory 


If 1, missing memory module at cache i 




Module 


miss. 1 


1 21 


BMA Paxity 


If 1, memory detected BMA parity error I 




Error 


at cache miss. i 


1 22 


RMA Increnent 


If 1, RMA was incremftnted at time of i 
paxity error (cache miss). i 


1 23 


BMA15 


Setting of BMA15 indicator at time of i 




Indicator 


parity error (cache miss). i 


1 24 


BMA16 


Setting of BMA16 indicator at time of I 




Intii.cator 


parity error (cache miss). i 


1 25 


EOOJ Error 


If 1, memory reports an ECC i 
xmcorrectaixLe error on a oacihe miss. i 


1 26 


EOOC Error 


If 1, memory reports an EOC correctai)le i 
error on a oadae miss. I 


1 27 


Caxihe Index 


If 1, cache index paxity error on I 




Parity Error 


cajohe read. i 


1 28 


Ca^nhe Data 


If 1, cache data odd word paxity error i 




OcM Word 


1 on cache read. i 




Paxity Error 




1 29 


1 Cache Data 


1 If 1, cache data even word paxity error I 




1 Even Word 


1 on cache read. i 




1 Paxity Error 




1 30 


1 Cache Cycle 


1 Specifies the purpose of the cache cycle i 




1 Purpose 


1 at the time of the error: i 
1 0: prefetch I 
1 1: execute i 


131 to 32 




1 Currently unused. i 
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T6llxLe B-11 
Format of DSWSTAT Register for All Eaxlier Processors 



Bits I Name 



Description 



1 
2 
3 

4 

5 to 7 



8 

9 
10 
11 
12 to 14 

15 

16 

17 to 22 



23 
24 



25 
26* 



127 to 32*1 



Check Immediate I 
Macihliie Check 
Memory Parity 

Missing Memory 

Module 
Machine Check 

Code 



RGM 

EGCU 

BOOC 

BUNV 

RPBUP 

EMx Operation 

I/O Operation 

EOC Syndrome 
Bits 



Memory Module 
Number 



RMA Invalid 
U-verify Pass 



U-verify Test 
Failure 



If 1, the check was taken immediately. 

If 1, a machine check occurred. 

If 1, a memory parity error caxiised the 

check. 
If 1, a missing memory modiile error 

caused the check. 
The hardware detected the cause of the 
trap as follows: 
000: peripheral reports BED error 

(output) 
001: base register file high 
010: memory reports BMD error (write) 
Oil: prefetch buffer address 
100: peripheral reports BPA error 

(output) 
101: base register file low 
110: memory reports BMA error 
111: prefetch buffer instruction 
Control unit memory — this bit is reset 

when an error is detected. 
If bits 3 and 9 are both 1, the memory 

psurity error was EOC uncorrectaiale. 
If bits 3 and 10 are both 1, the nemory 

paxity error was BCC correctable. 
If 1, the RP backup count in bits 12 and 

13 is not valid. 
Specifies the RP backup count, which is 
the amount DSWPB was incremented in 
the current instruction. 
If 1, a EMx traiisfer was in progress 

when the error occurred. 
If 1, an I/O operation was in progress 

when the error occur3?ed. 
If a memory parity error occurred, 
these bits describe the error. 
See Table 10-29 of Chapter 10. 
Currently unvised. 

If a memory error occurred, this bit 
identifies the interleaved memory 
module that contained the error (bit 
15 of address at time of error). 
If 1, the contents of DSWRMA are invalid. 
U-verify pass nvimber as follows: 
0: first pass (check mode off) 
1: second pass (ciieck mode on) 
If set, contains the number of a failed 
u-verify test. 
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Note to Table B-11 

* Valid for 750 and 850. For rest of 50 Series: bit 26 is 
unused, bit 27 is the u-verify pass number, and bits 28 to 
32 are the u-verify test failure number. 



Table B-12 lists those checks that cause a microcode trap and describes 
the actions that occur for the earlier processors. 



Table B-12 
Gheck-produoed Traps aixi Their Actions for the Earlier Processors 



Event 



I Actions 



Missing Memory Module, 
BOG Uncorrectable, or 
Madhine Check diiring 
I/O (IMx, PIO, 
interrupt processing, 
excepting machine 
chedk for RCM parity) 

EGG Gorrectable Error 
(not during I/O) 



Power Failiire 



All other checks 



Sets end-of -instruction flag to 1; sets 
RBOIV to the proper offset or vector; 
sets MGM to 00; executes microcode 
retTim to the trapped microcode step. 
Correctable memory errors are ignored 
during I/O. 



Sets end-of -instruction flag to 1; sets 
REOIV to the proper offset or vector; 
sets MGM to 2; executes microcode return 
to the trapped microcode step. 

Action is deferred vmtil the next fetch 
cycle, and then a dheck is taken. 

Software check occurs immediately. 



Tratw 



Traps and their priorities are described in Table 10-26. The operation 
of these traps is the same for all 50 Series processors with the 
following exceptions for the earlier processors. Diagnostic processor 
interrupts are invalid for the 750 and 850. Memory increment interrupt 
traps are used only on the earlier processors. (This trap occurs at 
the point where a controller requested service.) Cache or STLB parity 
error traps as well as hard parity error traps axe not used on the 



-T -ioT 



The interpretation of syndrome bits used in identifying bit errors in 
the earlier processors is shown in Table 10-29. 
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For the earlier processors, the additional software hreak caused Isy 
traps is the same as shown in Table 10-30. In addition, upon a memory 
increment interrupt trap, the interrupt occurs. (Memory increment 
interrupts axe supported only on the earlier processors.) 



Interval Clock 

The earlier processors use a 500 Hz interval clock that generates a 
timing pulse every 2 milliseconds. 



mPtJT-OUTPUT 

Qiapter 11, INFUT-COTPUT, discussed Programmed I/O (PIO) aid Direct 
Memory I/O (EMx). PIO is the same for all 50 Series processors. EMx 
for the earlier processors is like that of the 2350 to 2755 aai 9650 to 
9955 II with the exception that a few details of mapped I/O vary 
accordijig to processor type. This variance is based on the lOTIiB and 
the size of the cacihe as described below. 

The lOILB forms part of the virtual-to-pihysical address mapping 
hardware. (The STLB is the other part.) The lOHB of all earlier 
processors contains 64 entries. Table B-13 shows the contents of each 
lOTLB entry for the earlier processors. 



Table B-13 
lOTLB Entry Format 



Number of Bits 



750, 
850 



12 



1450, 
550-11 



12 



Rest of 

Earlier 

Processors 



12 



Contents 



Ph57Sical 
pa^e number 



Valid bit 



MBIO bits 



Description 



Specifies a physical page 
in either of the I/O 
segments. 

Indicates if this entry 
contains old data. 

Specifies the cache leaf 
to invalidate vdien 
writing to memory. 
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The eaxlier processors use Segment only as em I/O segment. Each 
lOTLB entry for the earlier processors contains mapping information for 
one page of the I/O Segment as shovm below. 

lOTLB Entry Correspoiximg Page in I/O Segments 

to 63 Segment 0, Pages to 63 

As noted in Table B-13, to 3 bits of the virtual address form the 
MBIO bits for the earlier processors. As discussed in Qiapter 11, 
these bits determine which part (leaf) of the cache to Invalidate after 
a memory write. Three MBIO bits are used for an 8-leaf cache, 2 bits 
for a 4-leaf cache, and bits for a 1-leaf cache. 

Since the cache of the 750 and 850 contains 16K bytes, it contains 
mapping information about 8 entries of physical memory, each having the 
same page offset. The cache of the 1450 and 550-11 contains 8K bytes 
and contains mapping information about 8 entries of physical memory. 
The MBIO bits allow the information for only the modified entry to be 
invalidated after a memory write, rather than each of the 4 or 8 
possible places. 

The LIOT Instruction loads the lOTLB entries with transfer information. 
For the 2350 to 9955 II as well as the earlier processors 850, 750, 
1450, and 550-11, the LIOT instruction must be used before any transfer 
occurs so that the processor maps virtual pages to the desired physical 
ones. The rest of the earlier processors load the lOTLB by accessing 
the appropriate page in segment by an instruction, such as LDA, 
before any transfer since their cache is exactly the size of one page. 

EMx transfer rates for the earlier processors are shown In Table B-14. 
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Table B-14 
IMx Transfer Rates for the Earlier Processors 



Type I Transferi Maxlutum Speed 
EMA 



Input 
Output 



I 
Input I 
Output I 

I 
Input I 
Output I 

I 
Input I 
Output 

Input 
Output 



2.5 Mbytes/sec i 
2.5 Mhytes/sec i 

I 
1.0 Mljytes/sec* I 
1.0 Mtjytes/sec* I 

I 
2.5 Mtytes/seo*i 
2.5 Mbytes/sec* I 

I 
280 Kbjytes/sec* I 
280 Kbytes/ sec* i 



This is an approximate value. 



The format of a EMA control word in physical I/O mode is the same for 
all systems and is shown in Figure 11-4. For mapped I/O mode on the 
earlier systems, however, the format of the EMA control woixi is as 
shown in Figure B-7. 



12 13 



14 15 



32 



I2's OOMP WORD COUNT I RESERVED I OFFSET FOR START OF TRANSFER 



Control Word Format in Mapped I/O Mode 
for the Earlier Processors 

Figure B-7 



All other aspects of EMx for the earlier processors are the same as 
those for the 2350 to 2755 and 9650 to 9955 II. 
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Process Exchange on 

the 850 



Chapter 9 of this guide described process exchange for the 
single-stream inembers of the 50 Series family. On the dual-stream 850, 
however, process exchange is more complex because: 






There are two processing units, the ISUs 

Two processes can execute at once (one per ISU) 

The two ISUs share one set of PCBs, one ready list, 
and one set of wait lists 



This chapter elaborates on each of these points. It also describes the 
elements of the 850 PXM, and describes the actions of the 850 
dispatcher. 



INSTRUCTION STEIEAM UNITS 

Before reading this appendix, note the use of two terms. This ISU 
refers to the ISU on which a process of interest is currently 
e^cecuting. The Other ISU designates the second system ISU. 

As mentioned in Chapter 1, the 850 contains two instruction stream 
\inits, or ISUs, eaxdi of which is equivalent to a 750 CPU. The ISUs 
operate independently of each other and are capable of performing any 
task any 750 processor can perform. The one exception is that only one 
ISU performs I/O and is thereby designated the master ISU. Therefore, 

C-1 Second Edition 



SYSTEM ARCHTIECrURE REFERENCE GUIDE 



when a process running on the slave ISU wants to request I/O servioe, 
that process is moved to the master ISU for I/O service. 



Two Executing Processes 

Since there are two ISUs per ss^stem, two independent processes can be 
executing at the same time. These two processes axe always the two 
having the highest level of priority in the entire system. Ensurliig 
that the processes with the highest priority axe the ones that axe 
selected to execute maies dual-st3?eam process exchange more complicated 
than its single-stream complement. It is further complicated hy the 
fact that a process can be locked to one ISU, which means that it can 
only execute on a particular ISU (such as the backstop or supervisor). 
See the section The PK Lock , below, for more information aJxut this 
topic. 



One Set of Process Exchange Data Structures 

To aid the ISUs in selecting the highest priority processes, the 850 
uses one ready list, one group of wait lists, and one group of PCBs for 
both ISUs. This meaiis that an ISU has to scan only one list to 
determine the processes available to execute. It also means the system 
has to maintain only one set of infonmtion, eliminating the need to 
check and update any duplicates. In addition, it means that a process 
not locked to one ISU may execute faster, since whichever ISU becomes 
available first can execute it. 



850 PROCESS EXCHANGE ELEMENTS 

The data structures of the 850 PXM include: 

• PCBs 

• Ready list 

• Wait lists 

• WAIT and NOTIFY instructions 

• Dispatcher 

Liie its single-stream counterpart , the 850 FXM also manipulates the 
register file and the process interval timer . In addition, the 850 PXM 
uses the value CPUNUM and the PX lock to facilitate its operations. 
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The CHM3M 

CHMJM is a 16-bit number stored in bits 1 to 16 of location '33 of the 
current register set. Ttiis number distinguishes the two ISUs. CPUNUM 
contains '41004 to represent This ISU and '102010 to represent The 
Other ISU. 



The PX Lock 

The PX lock ensures that only one ISU at a time has access to and can 
modify the contents of the process exchange data structures. This lock 
is a 16-bit number. When the lock contains 0, then either ISU can 
clam the right to access the struct\ires. When it does not contain 0, 
the lock contains the same value as CPUNUM; that is, the id for one of 
the ISUs. Only the ISU specified by the lock can access the 
structures; the second ISU must wait until the first ISU is through 
its current task before gaining access. 



PCBs 

The process control block format for the 850 is nearly identical to 
that of the single-stream PCBs. Only a few locations contain added 
information, as shown in Table C-1. 

OWNERH (bits 1 to 16 Of location 25 in the current register set) 
specifies the segment containing all the PCBs. Each PCB contains at 
least 64 locations and must be aligned on a 128-byte boundary. The 
starting address of the PCB is also the process id. 

No PCB (or any other data structure the PXM \ises) should be contained 
In locations to '37 of a segment. Each addressing mode handles 
address traps differently; avoiding these locations ensures that all 
addressing modes handle process exchange in the same way. 
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Table C-1 
PCS Format for the 850 



Section i Offset * i Contents 



Control 



Process 
State 





1 

2 to 3 



6 to 7 
'10 to '11 



'12 to '15 



Level pointer to BOL in ready list. 

Link pointer to nejct PCB, or 0. 

Segment #/ offset of the semaphore on whose 
wait list this process currently resides. 
A segment # of iiriicates that this PCB 
is on the ready list. 

Abort flags tised to generate a process fault 
when this PCB is dispatched. 
Bits 1 to 15: Set by the software. 
Bit 16: Process interval timer overflow. 

Bits 1 to 4: Temporarily restrict process 
from running on one of the ISUs: 
0000 = no restrictions 
0100 = bar from This ISU 
1000 = bai from The Other ISU 

Bit 5: Reserved for future use. 

Bits 6 to 7: If 01, this process last ran 
on This ISU; if 10, The Other ISU. 

Bit 8: If 0, the registers for this 

process have not been saved in 
the PCB. If 1, the registers 
have been saved in the PCB. 

Bits 9 to 11: Indicate which register set 
this process used last. Use 
the same format as the modals 
GE^ field. 

Bit 12: Reserved for future use. 

Bits 13 to 16: Process is locked to: 
0000 = neither ISU 
0100 = This ISU 
1000 = The Other ISU 

Reserved for fut\are "use. 

Process elapsed timers. This value is added 
to contents of PCB location '16 to give 
the number of msec this process has run. 
RTS can alter this location. 



DTAR2 aM DTARS. 
only r-estor-ed. 



These are never saved, 
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Table C-1 (continued) 
PCB Format for the 850 



Section 



Fault 



I Offset # I 

'16 

'17 

'20 



'21 
'22 to '61 

'62 to '63 

'64 to '65 

'66 to '67 
'70 to '71 

'72 to '73 

'74 to '76 

77 

'100 to 

137 



Contents 

Interval timer, bits 1 to 16. 

Interval timer, bits 17 to 32. 

Save mask. PXM uses this to avoid saving or 
restoring registers containing zeroes. 
Format of the word is: 

1 to 8: (SO to GR7 (8 32-bit registers) 
9 to 12: FAOO to FACl (4 32-bit 

registers) 
13 to 16: base registers (4 32-bit 

registers (PB, SB, LB, XB) 

Keys. 

Storage for nonzero registers. (See Save 
mask, above.) 

Fault vector. Segment # /offset to 
fault table for Ring 0. 

Fault vector. Segment # /offset to 
fault table for Ring 1. 

Reserved for future use. 

Fault vector. Segment # /offset to 
fault table for Ring 3. 

Fault vector. Segment #/offset to 
fault table for page fault. 

Concealed fault stack header (FIRST, IJEXT, 
and LAST pointers). 

Reserved. 

Concealed stack. These words can go anywhere 
in segment OWNERH; i.e. , they do not have 
to stajTt at location '100. The concealed 
stack can contain as many frajmes as 
desired. 
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Ready List emd Valt Lists 

The wait lists used in the 850 axe identical to those found ±n the 
other 50 Series processors. The ready list is also identical except 
for the process exchange registers it uses. 

Each ISU contains four process exchange registers. Two specify 
information aixmt the currently running processes, and two specify 
information aiout the next processes to run. All four are 32 hits 
wide. 

MY_PPA and OfiHER_PPA define either the cur3?ently running process, or 
the process that is about to run. MY_PPA represents this process for 
This ISU; OTHER_PPA, for The Other ISU. Bits 1 to 16 of each register 
contain the process' level of priority; bits 17 to 32, the starting 
address of that process' PCB. Bits 1 to 16 of each register are 
guaranteed to always point to the ready list priority level that 
contains the higjiest priority process that is able to execute for the 
appropriate ISU. 

The MY_PPNEXT register specifies the next process to run on This ISU; 
OTHER_PPNEXT , for The Other ISU. Like their single-stream counterpart 
(PPB), bits 1 to 16 specify the priority level of the next process to 
run, and bits 17 to 32 identify the PCB of this process. A nonzero 
value in bits 1 to 16 indicates valid contents. 



WAIT and NOTIFY Instructions 

These instructioiis perform the same basic functions as their 
sojigle-stream counterparts. However, their tasks also incliide 
obtaining the PX lock aai loading the PXM registers with the correct 
information so that each ISU can correctly determine its own state and 
that of the second ISU. Figures C-1 aai C-2, together with the text in 
this section, give simplified versions of how the 850 WATT and NOTIFY 
instructions work. 



WAIT : WAIT tells the PXM to wait for an event to occur before 
executing more of the currently active process. The address pointer 
contained in WAIT specifies a semaphore on which the process is to 
watt. WAIT obtains the EX lock, then increments the semaphore count ty 
1. 

If the incremented value is less than or equal to 0, WAIT 3?eleases the 
EX lock and performs no other actions. If the incremented value is 
greater than 0, WAIT removes the process' PCB from the ready list and 
places it on the appropriate wait list acording to the process' 
priority. WAIT loads locations 2 and 3 of the process' PCB with the 
semaphore address and saves the process' base registers into its HJb. 

After the short save, WAIT either runs the next process, if it knows 
it, or invokes the dispatcher to choose a new process to run. 
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( WAIT J 



Get PX Lock. 
Count <- Count + 1 




Remove Process' PCB 
From Ready List. Place 
It on Appropriate 
Wait List 



Put Semaphore Address 
in PCB Locations 2-3. 
Save Registers in PCB 




The 850 WAIT Instruction 
Figure C-1 
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Gel PX Lock 
Count< Count - 1 



Yes 



Halt Execution 
of Currently 
Running Process. 



Remove First Process" 
PCB From Walt List. 
Put It on Ready List 



Yes 



Determine Highest 
Priority Processes. 
Run Them. 



i DONE j 





No 



Release PX 
Lock 



-►/ DONE j 



No 



Call Dispatcher 



The 850 NOTIFi Instruction 
Figure C-2 
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NOTIFY: The 850 NOTIFY is Significantly more complex than the 
single-stream WAIT. Its purpose is deceptively easy to state: NOTIFY 
ensures that the two cuxrently running processes in the system axe the 
two highest priority processes that are atole to run. To do this, 
NOTIFY notifies the process that is at the top of the associated 
semaphore's wait list, then compares the priority level of this process 
with, those of the two processes currently running. 

Step 1. Finding a Process to Notify : When it executes a NOTIFY 
instruction, the PXM first acquires the EX lock. It then uses the 
pointer contained in the NOTIFY to reference a semaphore aal decrement 
the semaphore count by 1. If the decremented value is less than 0, the 
F!XM releases the PX lock ani the NOTIFY is done. 

If the decremented value is greater than or equal to 0, then the PXM 
must notify a process. It ceases to execute the current process arxi 
removes the first PCB on the semaphore's wait list. It places the PCB 
at the teginning or end of the appropriate level of the ready list as 
indicated ty the NOTIFY. 



Step 2. Choosing a Process to Run : The PXM must now choose a new 
process to run. If the contents of MY_PPNEXT axe invalid, control 
transfers to the dispatcher, which determines the next process to run. 

If the contents of MY_PPA axe valid, the PXM must decide if the process 
it just notified is of higjier priority than either of the processes 
currently executing. Six cases exist: 

A<C and B<C 

C<B<A 

C<A<B 

C<A=B 

A<C<B 

B<C<A 

\fheTe A is the process currently running on This ISU, B is the process 
currently running on The Other ISU, and C is the process that was just 
notified. 

These cases can become quite involved, depending on where each of the 
three processes can run, and depending on what actions the PXM has 
taken previously. This discussion will explain two simple examples. 

Suppose the first case were true. This means that C has the lowest 
priority of the three processes and will not be run. All the PXM needs 
to do is to decide on which ISU C is to be run. 

If can be run on only one ISU and has a higher priority than the 
process that ISU is to execute next (as specified in that ISU's 
MY_PPNEXT register), the PXM updates that ISU's MY_PPNEXT register so 
that it points to C. Therefore, that ISU will execute C next. 
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If C can be run on either ISU, the FXM updates MY_PPNEXT and 
OIHER_PPNEXT on both ISUs SO that C will execute as soon as either ISU 
is free. 

As another example, suppose case 2, C<B<A, vjere true. Here C has the 
highest priority of all, and should run on This ISU, if possible. A 
simplified algorithm for this case is shown in Figure C-3. 



If C can run on This ISU 

then if A can run on The Other ISU 

then if OrHER_PENEXT is of lower priority than A 
then invalidate OTHER_PP!NEXT 
set MY_PPA to A 
set PPA to C and go to the dispatcher. 

If C can run on The Other ISU, 

then if The Other ISU has received the most recent scan 

then send this scan message. Scan identifies C as the 
process to consider running; 
else if priority of process in last scan is greater than C's 

then ret-um; 

If priority of process in last scan is less than C's 

then go to *** above; 

If priority of process in last scan equals C's 

then call dispatdier to scan ready list to 

pick up the process queued first and ret\im. 



Sample NOTIFY Algorithm 
Figure C-3 



Dispatcher 

Like its single-stream counterpart, the 850 dispatcher selects the nesct 
process to run ani sets up the registers and conditions that process 
needs to run. The section DISPATGEIER OPERATION , below, explains its 
actions. 



Register Sets 

Each ISU contains a register file identical to the single-stream 
register file. Each contains two user register sets designated as the 
current register set (CRS) and the other register set (CBS). Both, of 
these have the same format as the user register sets on the 
single-stream processors. 
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Microsecond Timer 

The 850 process tijtier is accurate to the itacrosecond. It is oontained 
in two registers, TIMERH and TIMERL. TIMERH contains the two's 
complement of the millisecond portion of the clock. Bits 1 to 10 of 
TIMERL contain the microsecond part. Bits 11 to 16 of TIMERL axe never 
changed. 

Every 1.024 milliseconds the microsecond time overflows, causing a 
fetch cycle trap. The contents of TIMERH are incremented; upon 
overflow, bit 16 of the PCB abort flags is set to 1; a process fault 
occurs immediately and stops the current process from being executed. 



DISPATCHER QPERATICN 

When a process completes execution or is aborted, the dispatcher begins 
to execute to select the next process to run. This discussion assumes 
that the PX lock contains the nvraiber of This ISU, so This ISU has the 
right to access the PXM data structiires. 



Step 1. Finding a Process to Run 

The dispatcher first checks the contents of My_PPA. If bits 17 to 32 
are 0, the contents are invalid, as are the contents of PPNEXT. To 
find the next process to run, the dispatcher scans the ready list 
beginning at the level specified in bits 1 to 16 of My_PPA. 

The dispatcher scans the ready list tmtil it finds the first process 
that is neither locked from This ISU, nor currently running on The 
Other ISU. Any processes the dispatcher finds during the scan that are 
temporarily locked from This ISU are unlocked by setting the lock field 
in the process' PCB location 5 to 0. If the ready list contains no 
suitable process, the dispatcher releases the PX lock. 

If the dispatcher finds a process on the ready list to run, it next 
checks for two things: 

• Does the OTHER_PPNEXT point to this process? 

• Has This ISU sent a scan message to The Other ISU suggesting 
that The Other ISU run this process? 

If the OTHER_PPNEXT points to this process, This ISU will not run this 
process. It will be run at a later date on The Other ISU. 

If a scan message was sent, the dispatcher invalidates the message so 
that The Other ISU will not run this process. Once the message is 
invalidated, or if no such message was sent, the dispatcher loads 
MY_PPA with the level and PCB starting address of this process. 
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Step 2. Locating Register Valijes ajid a Register Set 

Once MY_PPA contains valid information, the dispatcher ntust locate the 
register val\ies this process needs for execution, and must find a 
register set to contain them. The values can be in one of three 
places: 

• In a register set on This ISU 

• In a register set on the Other ISU 

• In the process' PCB 

The dispatcher checks the CRS field in the process' PCB to see if 
either of This ISU's register sets or either of The Other ISU's 
register sets already contain the process' register values. If either 
of This ISU's register sets do, the dispatcher makes that set the CRS. 

If either of The Other ISU's register sets contain the process' values, 
the dispatcher sends a message to The Other ISU telling it to save the 
contents of that register set into the process' PCB. The dispatcher 
then releases the PX lock so that The Other ISU can save the values. 
After a short tiite, Ihis ISU regains the PX lock and tries to choose a 
register set from the beginning. 

If none of the register sets on either ISU already contains the 
process' register values, the dispatcher must load them from the 
process' PCB. The dispatcher chooses a register set on This ISU by 
cthecking the Save Done bit of both the CRS and CBS. 

If the Save Done bit of the CRS contains a 1, the CRS is available. 
The dispatcher loads the process' valiies from the PCB into the CRS. 

If the CRS is not available, the dispatcher checks the Save Done bit of 
the CRS. If the Save Done bit contains a 1, the dispatcher makes CRS 
the CRS, then loads in the process' register values. 

If neither the CRS nor the CRS is available (both Save Done bits 
contain 0), the dispatcher saves the contents of the CRS into the 
appropriate PCB, makes CRS the CRS, then loads the process' register 
values into it. 



Step 3. Updating Information and Running the New Process 

After choosing and loading (if necessary) a register set, the 
dispatcher loads location 5 of the process' PCB with the id of the ISU 
on which the process most recently ran. It also loads the PCB with the 
location of the process' register values, and sets bits 15 and 16 of 
the kej.'S to 0. The dispatcb^r then releases the ¥K lode and enables 
the microsecoixi timer. The new process begins to execute. 



Second Edition C~-12 



D 



Instruction Summary 

Charts 



This appendix cx)ntains two instruction summary charts: one for S mode, 
R mode, and V mode; smother for I mode. Each chart contains a list of 
instructions for the Prime 50 Series processors. (Appendix D lists 
those instructions that have been archived.) Eadti instruction is 
followed by its octal code, foimat, function, addressing mode, CBIT, 
LINK, and condition code information, and a one-line description of the 
iiist ruction. 

The columns in each chart are as follows: 

R Restrictions : 

Blank Regular instruction. 

R Instruction causes a restricted mode fault if 

executed in other than Ring 0. 
P Instruction may cause a fault depending on 

address. 

Mnem A mnemonic name recognized by the assembler PIMA. 
Opcode Octal operation code portion of the instruction. 
RI Register (R) aixi Immediate (I) forms, if available. 



D-1 Second Edition 



Form 



Format of instruction: 



Mnemonic 


Definition 


AP 


Afifiress Pointer 


BRAN 


Brancti 


CHAR 


Ghaxacter 


DbJCI 


DeGijr«.T 


GKN 


Generic 


CR 


General Register 


liMf 


I Mode Branch 


MR 


Memory Reference 


MRFR 


Memory Reference 


MRGR 


Memory Reference 


MPNR 


Memory Reference 


PIO 


Programmed I/O 


PTtKN 


Register Generic 


Stib'i' 


Shift 



— non Memory Reference 

— Non I Mode 

— Floating Register 

— General Register 

— Non Register 



Func 



Function of instruction: 



Mnemonic 


Definition 


AEMOD 


Addressing Mode 


BRAN 


Branch 


CHAR 


Character 


HTiFAR 


Clear Field 


UP-iK 


C Language Pointer 


DHJUi 


Decimal Arithitetic 


FTRTD 


Field Register 


FLPT 


Floating Point Arithmetic 


GRR 


General Register Relative 


INT 


Integer 


INiGY 


Integrity 


10 


Input /Output 


KEYS 


Keys 


LOGIC 


Logical Operations 


LTtfi'S 


Logical Test and Set 


MJIL 


Machine Control 


MOVE 


Move 


PCIU 


Program Control a.nd Jump 


PHtJhIX 


Process Exchange 


(^EUK 


Queue Control 


jam-T 


Register Shift 


,SKTP 


Skip 
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M Addressing modes of Instrucrtions : 

Mode Name 

S Sectored 

R Relative 

V Virtual (64V) 

I 321 

C How instruction affects the CBIT axA LINK. 

Code Definition 

CBIT and LINK are unchanged 

1 CBIT = unchanged; LINK = carry 

2 CBIT = overflow status; LINK = carry 

3 CBIT = overflow status; LINK = indeterniinate 

4 CBIT = shift extension; LINK = shift extension 

5 CBIT = result; LINK = indeterminate 

6 CBIT aai LINK are indeterminate 

7 CBIT and LINK are loaded ty the instruction 

8 CBIT = result; LINK = imchanged 

9 CBIT = unchanged; LINK = indeterminate 

* CBIT and LINK values vary among processors; 
see individual instruction description 

OC How instruction affects the condition codes. 

Code Definition 

Condition codes are unchanged. 
1 Condition codes are set to reflect the result 
of arithmetic operation or compare. 

4 Condition codes are set to reflect result of 
brandi, compare, or logicize operand state. 

5 Condition codes are indeterminate. 

6 Condition codes are loaded ty instruction. 

7 Condition codes show special resiolts for this 
instruction. 

Description A brief description of the instruction. 



Table I>-1 contains a summary of S mode, R mode, and V mode 
instructions. Table D-2 is a summary of I mode instructions. 
Instructions that have been archived are not in either of these tables; 
see Appendix D for them. 
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Table Ehl 
S Mode, R McxJe, aM V Mode Instruction Summary 



R Mnem Opcode Form Func M C CC 



Description 



AlA 


141206 


GKN 


INT 


SRV 


2 


1 


A2A 


140304 


am 


INT 


SRV 


2 


1 


ABQ 


141716 


AP 


yUKUK 


V 


- 


7 


AGA 


141216 


(;kn 


INT 


SRV 


2 


1 


ADD 


06 


MR 


INT 


SRV 


2 


1 


ATTT, 


06 03 


MR 


INT 


V 


2 


1 


Anr,T, 


141000 


GEN 


INT 


V 


2 


1 


ALFA 


001301 


GEN 


FTKrn 


V 


6 


- 


ALFA 1 


001311 


GEN 


FIKIJ) 


V 


6 


- 


ALL 


0414yX 


SHFT 


SHIFT 


SRV 


4 


- 


ALR 


0416XX 


SHtT 


SHii^T 


SRV 


4 


- 


AT.S 


0415M 


SHtU' 


titiil-'i' 


SRV 


3 


- 


ANA 


03 


MR 


DOGIC 


SRV 


- 


- 


ANL 


03 03 


MR 


LOGIC 


V 


- 


- 


ARGT 


000605 


GKN 


PUTLJ 


V 


6 


5 


AKL 


0404XX 


SHFT 


SHIFT 


SRV 


4 


- 


ARR 


040RXX 


SHFT 


SHIFT 


SRV 


4 


- 


ARS 


0405XX 


SHFT 


SHIFT 


SRV 


4 


- 


ATQ 


141717 


AP 


QUEUE 


V 


- 


7 


BHRQ 


141602 


BRAN 


BRAN 


V 


- 


- 


BUGE 


141605 


BRAN 


BRAN 


V 


- 


- 


BOGl' 


141601 


BRAN 


BRAN 


V 


- 


- 


BHTiE 


141600 


BRAN 


BRAN 


V 


- 


— 


BCLT 


141604 


BRAN 


BRAN 


V 


- 


- 


BCNE 


141603 


BRAN 


BRAN 


V 


- 


- 


BCR 


141705 


BRAN 


BRAN 


V 


- 


- 


BCS 


141704 


BRAN 


BRAN 


V 


- 


- 


KIIX' 


140734 


BRAN 


BRAN 


V 


- 


- 


BUY 


140724 


BRAN 


BRAN 


V 


- 


- 


HHX,) 


140612 


BRAN 


BRAN 


V 


- 


4 


BFM$ 


141612 


BRAN 


BRAN 


V 


- 


4 


BPraj; 


141615 


BRAN 


BRAN 


V 


— 


4 


Bj?t?r 


141611 


BRAN 


BRAN 


V 


_ 


4 


BFLE 


141610 


BRAN 


BRAN 


V 


- 


4 


Bl-'LT 


141614 


BRAN 


BRAN 


V 


_ 


4 


BFNE 


141613 


BRAN 


BRAN 


V 


- 


4 


BGE 


140615 


BRAN 


BRAN 


V 


- 


4 


BGT 


140611 


BRAN 


BRAN 


V 


_ 


4 


BIX 


141334 


BRAN 


BRAN 


V 


- 


- 


BIY 


141324 


BRAN 


BRAN 


V 


- 


- 


BT,K 


140610 


BRAN 


BRAN 


V 


- 


4 



HLBQ 



140702 BRAN BRAN 



- 4 



Add. One to A 

Add. Two to A 

Add. Entry to Bottom of Queue 

Add CBIT to A 

Add 

Add Long 

Add LINK to L 

Add L to FAR 

Add L to FAR 1 

A Left Logical 

A Left Rotate 

A Arithmetic Left Shift 

AND to A 

AND to A Long 

Arguitent Transfer 

A Right Logical 

A Right Rotate 

A Arithmetic Right Shift 

Add Entry to Top of Queue 

Branch on Condition Code BQ 

Branch on Condition Code GE 

Branch on Condition Code GT 

Branch on Condition Code LE 

Branch on Condition Code LT 

Branch on Condition Code NE 

Branch on CBIT Reset to 

Branch on CBIT Set to 1 

Branch on Decremented X 

Branch on Decremented Y 

Branch on A Equal to 

Branch on F Equal to 

Branch on F Greater Than or 

Equal to 
Branch on F Greater Than 
Branch on F Less Than or 

Equal to 
Branch on F Less Than 
Branch on F Not Equal to 
Branch on A Greater Than or 

Equal to 
Branch on A Greater Than 
Branch on Incremented X 
Branch on Incremented Y 
Branch on A Less Than or 

Equal to 
Branch on L Equal to 
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TaixLe D-1 (continued) 
S Mode, R Mode, and V Mode Instruction Summaxy 



R MTiem 


Opcode 


Form 


Func 


M 


C 


OC 


! Description 


RTfiR 


14C615 


BRAN 


BRAN 


V 


- 


4 


Branch on L Greater Than or 
Equal to 


BTfiT 


140701 


BRAN 


BRAN 


V 


- 


4 


Brancih on L Greater Tha,n 


RT.T.E 


140700 


BRAN 


BRAN 


V 


— 


4 


Branch on L Less Than or 
Eqiial to 


RTiI.T 


140614 


BRAN 


BRAN 


V 


- 


4 


Branch on L Less Than 


HTJ^E 


140703 


BRAN 


BRAN 


V 


- 


4 


Branch on L Not Equal to 


RTR 


141707 


BRAN 


BRAN 


V 


- 


- 


Bra-nch on TiTNK Reset to 


RT.S 


141706 


BRAN 


BRAN 


V 


- 


- 


Branch on T.TNK Set to 1 


RT.T 


140614 


BRAN 


BRAN 


V 


- 


4 


Branch on A Less Than 


BMEQ 


141602 


BRAN 


BRAN 


V 


— 


— 


Branch on Magnitude 
Condition BQ 


BM(4K 


141706 


BRAN 


BRAN 


V 


— 


— 


Brancjh on Magnitude 
Condition GK 


EMST 


141710 


BRAN 


BRAN 


V 


— 


— 


Branch on Magnitude 
Condition GT 


BMLE 


141711 


BRAN 


BRAN 


V 


— 


— 


Branch on Ma,gnitude 
Condition LE 


BMLT 


141707 


BRAN 


BRAN 


V 


— 


— 


Brancih on Magnitude 
Condition LT 


BMNE 


141603 


BRAN 


BRAN 


V 


— 


— 


Branch on Magnitude 
Condition NE 


BNE 


140613 


BRAN 


BRAN 


V 


- 


4 


Branch on A Not Eqiia,! to 


GAL 


141050 


GRN 


GTiKAR 


SRV 


- 


- 


Clear A Left Byte 


CALF 


000705 


AP 


PCTU 


V 


6 


5 


Call Fault Haixiler 


GAR 


141044 


(;kn 


GTiRAR 


SRV 


- 


- 


Clear A Right Byte 


GAS 


11 


MR 


RKTP 


SRV 


1 


1 


Compare A and Skip 


GAZ 


140214 


GEN 


SKIP 


SRV 


1 


1 


Compare A with 


CEA 


000111 


cm 


PCILJ 


SR 


- 


- 


Compute Effective Address 


a?r 


001314 


GRN 


BRAN 


V 


6 


5 


Computed GOiU 


GEIS 


140024 


GKN 


INT 


SRV 


- 


- 


Change Sign 


GT.S 


11 03 


MR 


LOGIC 


V 


1 


1 


Compare L a,n<i Skip 


GMA 


140401 


cm 


LOGIG 


SRV 


- 


- 


Complement A 


GRA 


140040 


cm 


a. EAR 


SRV 


- 


- 


Clear A to 


GRB 


140015 


GKN 


or, EAR 


SRV 


- 


- 


Clear B to 


GRE 


141404 


GKN 


CLEAR 


V 


- 


- 


Clear E to 


GRL 


140010 


GKN 


CTiRAR 


SRV 


- 


- 


Clear L to 


GRLE 


141410 


(4KN 


Cr,RAR 


V 


- 


- 


Clear L a,nri E to 


GSA 


140320 


GEN 


MOVE 


SRV 


5 


- 


Copy Sign of A 


DAD 


06 


MR 


INT 


SR 


2 


1 


Double Add 


IIBI, 


000007 


cm 


INT 


SR 


- 


- 


Knter Doable Precision Mode 


Db'AD 


06 02 


MR 


FLPT 


RV 


3 


5 


Double Precision Floating 
Aid 


UtXJM 


140574 


GEN 


FLPT 


RV 


3 


5 


Double Precision Floating 
Complement 


DbiCS 


11 02 


MR 


FLPT 


RV 


6 


5 


Dovible Precision Floating 
Compare and Skip 
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Table D-1 (continued) 
S Mode, R Mode, aM V Mode Instruction Summaiy 



R 


Mnem 


Opcode 


Form 


Func 


M 


c 


OC 


! Description 




Db'DV 


17 02 


MR 


FLPT 


RV 


3 


5 


Double Precision Floating 
Divide 




DtTD 


02 02 


MR 


FLPT 


RV 


— 


— 


Double Precision Floating 
Load 




Ut'liX 


15 02 


MR 


FLPT 


V 


— 


— 


Double Precision Floating 
Load Index 




Dt'MP 


16 02 


MR 


FIiPT 


RV 


3 


5 


Double Precision Floating 




Dt'SB 


07 02 


MR 


FLPT 


RV 


3 


5 


Multiply 
Double Precision Floating 
Subtract 




DFST 


04 02 


MR 


FLPT 


RV 


— 


— 


Double Precision Floating 
Store 




DIV 


17 


MR 


INT 


V 


3 


5 


Dividfi 




DIV 


17 


MR 


INT 


SR 


3 


5 


Divide 




nrn 


02 


MR 


MOVE 


SR 


- 


- 


Double Load 




ERN 


040300 


GEN 


FLPT 


V 


3 


5 


Double Roiind From Quad 




mm 


140571 


GEN 


FLPT 


V 


8 


5 


Double Round From Quad 
Towards Negative Infinity 




ERNP 


040301 


GEN 


FLPT 


V 


3 


5 


Double Round From Quad 




ERNZ 


040302 


GEN 


FLPT 


V 


3 


5 


Towards Positive Infinity 
Double Round From Quaii 
Towards Zero 




mx. 


140210 


GKN 


SKIP 


SRV 


- 


- 


Decrement artd Replace X 




DSB 


07 


MR 


INT 


SR 


2 


1 


Double Sut(tract 




DST 


04 


MR 


MOVE 


SR 


- 


- 


Double Store 




DVL 


17 03 


MR 


INT 


V 


3 


5 


Divide Long 




E16S 


000011 


(;kn 


AEWm 


SRV 


- 


- 


Enter 16S Mode 




E32I 


001010 


GRN 


Acwm 


SRV 


- 


- 


Enter 321 Mode 




E32R 


001013 


GEN 


AEWOI) 


SRV 


- 


- 


Enter 32R Mode 




E32S 


000013 


GEN 


Acwm 


SRV 


- 


- 


Enter 32S Mode 




E64R 


001011 


GKN 


AEMOD 


SRV 


- 


- 


Enter 64R Mode 




B64V 


000010 


GEN 


AIMD 


SRV 


- 


- 


Enter 64V Mode 




EAA 


01 01 


MR 


MOVE 


R 


- 


- 


Effective Address to A 




EAFA 


001300 


AP 


h'IKID 


V 


- 


- 


Effective Address to FAR 




EAFA 1 


001310 


AP 


FIKI,n 


V 


- 


- 


Effective Aidress to FAR 1 




EAL 


01 01 


MR 


PC7ELJ 


V 


- 


- 


Effective Address to L 




EATfl 


13 02 


MR 


pcru 


V 


- 


- 


Effective Address to LB 




EAXB 


12 02 


MR 


pcnj 


V 


- 


- 


Effective Address to XB 


R 


EIO 


14 01 


MR 


10 


V 


- 


7 


Execute I/O 


R 
R 
R 
R 


ENB 

ENHL 

ENEM 

ENBP 

ERA 


000401 
000401 
000400 
000402 
05 


GEN 
GEN 
GEN 
GEN 
MR 


10 
10 
10 
10 
LOGIC 


SRV 
SRV 
SRV 
SRV 
SRV 


- 


- 


Enable Interrupts 
Enable Interrupts (Local) 
Enable Interi-upts (Mutual) 
Enable Interrupts (Process) 
Exclxisive OR to A 




ERL 


05 03 


MR 


LOGIC 


V 


- 


- 


Exclusive OR to L 




FAD 


06 01 


MR 


FLPT 


RV 


3 


5 


FloatiJig Add 


Second Edition 






n-6 









INSTRUCTION SUMMARY CHARTS 



FCD5 



TsLble D-1 (continued) 
S Mode, R Mode, gmd V Mode Instruction SmnmeuTy 



R Mnem Opcode Form Func M C CC 



Description 



140571 GEN FLPT 



PCM 


140530 


GKN 


FLPT 


RV 


3 


5 


bVS 


11 01 


MR 


FLPT 


RV 


6 


5 


FIMI, 


140016 


GEN 


FLPT 


V 


- 


- 


y[N 


17 01 


MR 


FLPT 


RV 


3 


5 


FLD 


02 01 


MR 


FLPT 


RV 


— 


- 


PLOT 


140550 


GEN 


FLPT 


R 


6 


5 


FT.TA 


140532 


GEN 


FLPT 


V 


6 


5 


FLTL 


140535 


(;kn 


FLPT 


V 


6 


5 


FLX 


15 01 


MR 


FLPT 


RV 


_ 


_ 


FMP 


16 01 


MR 


FLPT 


RV 


3 


5 


FRN 


140534 


(IKN 


FLPT 


RV 


3 


5 


FRNM 


040320 


GEN 


FLPT 


V 


3 


5 


FRNP 


040303 


cm 


FLPT 


V 


3 


5 


FRNZ 


040321 


GKN 


FLPT 


V 


3 


5 


FSB 


07 01 


MR 


FLPT 


RV 


3 


5 


FSGT 


140515 


(4KN 


FLPT 


RV 


- 


5 


FRT.K 


140514 


GEN 


FLPT 


RV 


- 


5 


FSMI 


140512 


GKN 


FLfi' 


RV 


_ 


5 


FSNZ 


140511 


(;kn 


FLPT 


RV 


- 


5 


FSPL 


140513 


GEN 


FLPT 


RV 


_ 


5 


FST 


04 01 


MR 


FLPT 


RV 


3 


5 


FiSX.K 


140510 


(;kn 


FLPT 


RV 


- 


5 


R HLT 


000000 


GKN 


MCTL 


SRV 


- 


- 


lAB 


000201 


GEN 


MOVE 


SRV 


- 


- 


IGA 


141340 


GRN 


MOVE 


SRV 


— 


- 


ICL 


141140 


GEN 


MOVE 


SRV 


- 


- 


ICR 


141240 


GKN 


MOVE 


SRV 


- 


- 


TT.R 


141414 


GEN 


MOVE 


V 


_ 


_ 


IMA 


13 


MR 


MOVE 


SRV 


- 


- 


R INA 


54 


PIG 


10 


SR 


- 


- 


R INBC 


001217 


AP 


m ;kx; 


V 


6 


5 


R INBN 


001215 


AP 


m !KX 


V 


6 


5 



Floating Convert Double to 

Quad 
Floating Compleiiient 
Floating Compare smd Skip 
Floating Convert Single to 

Double 
Floating Divide 
Floating Load 
Convert Integer to Floating 

Point 
Convert Integer to Floating 

Point 
Convert Long Integer to 

Floating Point 
Floating Load Index 
Floating Multiply 
Floating Round 
Floating Round Towards 

Negative Infinity 
Floating Round Towards 

Positive Infinity 
Floating Round Towards Zero 
Floating Subtract 
Floating Skip If Greater 

Than 
Floating Skip If Less Than 

or Equal to 
Floating Skip If Minus 
Floating Skip If Not Equal 

to 
Floating Skip If Plus 
Floating Store 
Floating Skip If Equal to 
Halt 

Interchange A aM B 
Interchange Bytes of A 
Interchange Bytes and Clear 

Left 
Interchange Bytes and Clear 

Right 
Interdiange L and E 
Interchange Memory aixi A 
Input to A 
Interrupt Notify Beginning, 

dear Active Interrupt 
Interrupt Notify Beginning 
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Table D-1 (continued) 
S Mode, R Mode, and. V Mode Instruction Summary 



R 


ifaem 


Opcode 


Form 


Func 


M 


R 


INEC 


001216 


AP 


PBCEX 


V 


R 


INEN 


001214 


AP 


PWJKX 


V 


R 


INH 


001001 


GEN 


10 


SRV 


R 


DfflL 


001001 


GEN 


10 


SRV 


R 


INHM 


001000 


GEN 


10 


SRV 


R 


INHP 


001002 


GEN 


10 


SRV 




INK 


000043 


GEN 


KEYS 


SR 




INT 


140554 


GEN 


FLPT 


R 



Description 



6 5 



6 5 



INTA 140531 GEN FLiE=T 



INTL 140533 GEN FLFT 



3 5 



3 5 



3 5 



Interrupt Notify Bid, dear 

Active Interrupt 
Interrupt Notify End 
Inhibit Interrupts 
Inhibit Interrupts (Local) 
Inhibit Interrupts (Mutual) 
Inhibit Interrupts (Process) 
Input Ke37S 
Convert Floating Point to 

Integer 
Convert Floating Point to 

Integer 
Convert Floating Point to 

Integer Long 



IRS 


12 


MR 


SKIP 


SRV - 


- 


Increment and Replace Memory 


R IRTC 


000603 


am 


10 


V 7 


6 


Interrupt Return, Clear 
Active Interrupt 


R IRTN 


000601 


GKN 


10 


V 7 


6 


Interrupt Retvim 


IRX 


140114 


GKN 


SKIP 


SRV - 


- 


Increinent a,nd Replace X 


R ITLB 


000615 


GEN 


MCIL 


V 6 


5 


InvaHidate STLB Entry 


(Tmr 


15 02 


MR 


PCTLJ 


R 


- 


Jump a,nd Decrement X 


dUi 


15 03 


MR 


PCTLJ 


R 


- 


Jump a,nd Increinent X 


JMP 


01 


MR 


PCTLJ 


SRV - 


- 


Jump 


JST 


10 


MR 


pcmj 


SRV - 


- 


Junrp and Store 


JSX 


35 03 


MR 


PCTUr 


RV - 


- 


Jump and Save in X 


JSXB 


14 02 


MR 


PC?ELJ 


V 


- 


J\Mp aj3d Save in XB 


JSY 


14 


MR 


PCTLJ 


V 


- 


Jiaiitp aj3d Save in Y 


WPS? 


141503 


GKN 


LTSTS 


V 


- 


Load A on Condition Code BQ 


Tn;K 


141504 


am 


LTSTS 


V 


- 


Load A on Condition Code GE 


LUGT 


141505 


GEN 


LTSTS 


V 


- 


Load A on Condition Code GI 


TCIF, 


141501 


(4KN 


LTSTS 


V 


- 


Load A on Condition Code LE 


TO,T 


141500 


GEN 


LTSTS 


V 


- 


Load A on Condition Code LT 


TfTNE 


141502 


GKN 


LTSTS 


V 


- 


Load A on Condition Code NE 


T,m 


02 


MR 


MDVE 


SRV - 


- 


Load A 


LDC 


001302 


CHAR 


CHAR 


V 


7 


Load Chaxacter 


LDC 1 


001312 


CHAR 


CHAR 


V 


7 


Load Character 


T,nr, 


02 03 


MR 


MOVE 


V 


- 


Load Long 


P T-nTR 


05 01 


MR 


MOVE 


V 


5 


Load from Addressed Register 


LUX 


35 00 


MR 


MOVE 


SRV - 


- 


Load X 


LDY 


35 01 


MR 


MOVE 


V 


- 


Load Y 


T,R(5 


140413 


GEN 


LTSTS 


SRV - 


4 


Load A on A Eqiia,! to 


LF 


140416 


(;kn 


LTSTS 


SRV - 


5 


Load False 


LFBQ 


141113 


(;kn 


LTSTS 


V 


4 


Load A on F Equal to 


LbliE 


141114 


(4KN 


LTSTS 


V 


4 


Load A on F Greater Tha,n or 
Eqiia,! to 


LFGI 


141115 


GKN 


LTSTS 


V 


4 


Load A on F Greater Than 
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Table D-1 (continued) 
S Mode, R Mode, and V Mode Instruction Suinmeury 



R 


Mnem 


Opcode 


Form 


Funo 


M 


C 


OC 


1 Description 




LFIE 


141111 


cm 


LTbiy 


V 


- 


4 


Load A on F Less Than or 
Equal to 




LFKE 


001303 


BRAN 


KIKID 


V 


- 


- 


Load Fin Immediate 




LFKE 1 


001313 


BRAtT 


FiKLU 


V 


- 


- 


Load FLR 1 Immediate 




LFLT 


141110 


GEtT 


LTSTS 


V 


- 


4 


Load A on F Less Than 




LFNE 


141112 


(IKN 


LTSTS 


V 


- 


4 


Load A on F Not Equal to 




TGK 


140414 


GEN 


LTSTS 


SRV 


~ 


4 


Load A on A Greater Than or 
Eqiia.l to 




LOT 


140415 


GEN 


LTb-iS 


SRV 


- 


4 


Load A on A Greater Than 


R 


LIOT 


000044 


AP 


MLTL 


V 


6 


5 


Load lOTLB 




T.T,-R 


140411 


GEN 


LTSTS 


SRV 


— 


4 


Load A on A Less Than, or 
Eqnal to 




T,T,P)(5 


141513 


CKN 


LTbl-S 


V 


- 


4 


Load L on A Equal to 




T.TfiR 


140414 


GKN 


LTtfl-S 


V 


— 


4 


Load L on A Greater Than or 
Eqna.l to 




TTfiT 


141515 


GEN 


LTyi-s 


V 


- 


4 


Load L on A Greater Than 




TTiT, 


0410XX 


SHFT 


SKQT 


SRV 


4 


- 


Long Left Logical 




TT.LE 


141511 


GKN 


LTbUy 


V 


— 


4 


Load L on A Less Than or 
Eqnal to 




LT.T,T 


140410 


GEN 


LTbl-y 


V 


- 


4 


Load L on A Less Than 




T.T,NE 


141512 


GEN 


LTtfl-S 


V 


- 


4 


Load L on A Not Equal to 




T,TR 


0412XX 


SHbT 


SHIFT 


SRV 


4 


- 


Long Left Rotate 




TiT.S 


041 IXX 


SHFT 


SHIFT 


SRV 


3 


5 


Long Left Shift 




liT 


140410 


GEN 


LTtfi-b 


SRV 


- 


4 


Load A on A Less Than 




LNE 


140412 


CKN 


LTSTS 


SRV 


- 


4 


Load A on A Not Equal to 


R 


LPID 


000617 


GKN 


MCTL 


V 


- 


- 


Load Process ID 


R 


LPSW 


000711 


AP 


MCTL 


V 


7 


6 


Load Process Statois Word 




UOj 


0400XX 


SHFT 


tuui-r 


SRV 


4 


- 


Long Right Logical 




ISR 


0402XX 


SHFT 


SHiJ'T 


SRV 


4 


- 


Long Rigjit Rotate 




IRS 


0401M 


SHb'r 


SHIFT 


SRV 


4 


- 


Long Right Shift 




LT 


140417 


(4KN 


LTbTS 


SRV 


- 


5 


Load True 




MPL 


16 03 


MR 


INT 


V 


* 


- 


Multiply Tnng 




MFY 


16 


MR 


INT 


V 


3 


- 


Multiply 




MFY 


16 


MR 


INT 


SR 


3 


* 


Multiply 


R 


NFYB 


001211 


AP 


pw:kx 


V 


6 


5 


Notify 


R 


WYE 


001210 


AP 


m !KX 


V 


6 


5 


Noti:^ 




NOP 


000001 


GEN 


MCTL 


SRV 


- 


- 


No Operation 


R 


OCP 


14 


PIO 


10 


SR 


- 


- 


Output Control Pulse 




ORA 


03 02 


MR 


LOGIC 


V 


- 


- 


Inclusive OR 


R 


OTA 


74 


PIO 


10 


SR 


- 


- 


Output from A 




Oi'K 


000405 


GEN 


KEYS 


SR 


7 


6 


Output KejTS 




PCL 


10 02 


MR 


puru 


V 


6 


5 


Procedure Call 




PID 


000211 


GEN 


INT 


SR 


- 


- 


Position for Integer Divide 




PTTTA 


000115 


(;kn 


INT 


V 


- 


- 


Position for Integer Divide 




pini, 


000305 


GKN 


INT 


V 


— 


— 


Position for Integer Divide 
Long 




PIM 


000205 


GEN 


INT 


SR 


— 


— 


Position after Multiply 
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Table D-1 (continued) 
S Mcxie, R Mode, and V Mode Instruction Summary 



R Mnem 


Opcode 


Form 


Fimo 


M 


c 


OC 


' Description 


PIMA 


000015 


GKN 


INT 


V 


3 


5 


Position after Multiply 


PIML 


000301 


GUN 


INT 


V 


3 


5 


Position after Multiply Long 


PKTN 


000611 


GEN 


PG'i'LJ 


V 


7 


6 


Procedure Return 


R PTLB 


000064 


(4KN 


MCTL 


V 


6 


5 


Purge TLB 


QFAD 


5 2 2 


MR 


FLPT 


V 


3 


5 


Quad Precision Floating Add 


QPCM 


140570 


GEN 


FLPT 


V 


3 


5 


Quad Precision Floating 
Complement 


QPCS 


5 2 6 


MR 


FLPi' 


V 


6 


5 


Quad Precision Floating 
Compare and Skip 


QFDV 


5 2 5 


MR 


FLPr 


V 


3 


5 


Qnad Precision Floating 
Divide 


QFLD 


5 2 


MR 


FLPT 


V 


— 


— 


Quad Precision Floating 
load 


QFT,X 


6 7 


MR 


FLPi' 


V 


— 


— 


Qiiad Precision Floating 
Load Index 


QFMP 


5 2 4 


MR 


FLPT 


V 


3 


5 


Quad Precision Floating 
Multiply 


QFSB 


5 2 3 


MR 


FLPT 


V 


3 


5 


Quad Precision Floating 
Subtrart 


QFST 


5 2 1 


MR 


FLPT 


V 


— 


— 


Quad Precision Floating 
Store 


qm^ 


140572 


GEN 


FLPT 


V 


3 


5 


Quad to Integer, in Quad 
Convert 


QIQR 


140573 


(4KM 


FLPT 


V 


3 


5 


Quad to Integer, in Quad 
Convert Rounded 


RBQ 


141715 


AP 


QUEUE 


V 


— 


7 


Remove Entry from Bottom of 
Queue 


RGB 


140200 


GEN 


KEYS 


SRV 


8 


- 


Reset GBIT to 


R RMC 


000021 


GEN 


IN'iGlf 


SRV 


— 


— 


Reset Machine Check Flag 
to 


RRST 


000717 


AP 


MOEL 


V 


- 


- 


Restore Registers 


RSAV 


000715 


AP 


MLTL 


V 


- 


- 


Save Registers 


Rig 


141714 


AP 


QUEUE 


V 


— 


7 


RftTOOve Entry from Top of 
Queue 


R RTS 


000511 


GEN 


MCTL 


V 


- 


- 


Reset Tine Slice 


SIA 


140110 


am 


INT 


SRV 


2 


1 


Subtract 1 from A 


S2A 


140310 


GEN 


INT 


SRV 


2 


1 


Subtract 2 from A 


SAR 


10026X 


GEN 


SKIP 


SRV 


— 


— 


Skip on A Register Bit Reset 
to 


SAS 


10126X 


GKN 


SKIP 


SRV 


- 


- 


Skip on A Register Bit Set 

to 1 
Subtract Long 


SBL 


07 03 


MR 


INT 


V 


2 


1 


SCB 


140600 


GKN 


KEYS 


SRV 


5 


- 


Set CBIT to 1 


SGL 


000005 


am 


INT 


SR 


- 


- 


Enter Single Precision Mode 


SGT 


100220 


cm 


8KTP 


SRV 


- 


- 


Skip on A Greater Tha.n 


SKP 


100000 


GKN 


SKIP 


SRV 


- 


- 


Skip 


R SKS 


34 


PIO 


10 


SR 


- 


- 


Skip on Condition Satisfied 
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Taible D-1 (contiiiued) 
S Mode, R Mode, and V Mode Instruction Summaxy 



R Mnem 


Opcode 


Form 


Func 


M 


C 


a 


; Description 


f?T,K 


101220 


GEN 


SKIP 


SRV 


- 


- 


Skip on A Less Than or Equal 
to 


,ST,N 


101100 


(4KW 


SKIP 


SRV 


- 


- 


Skip on LSB of A Nonzero 


,ST7, 


100100 


GEN 


SKIP 


SRV 


- 


- 


Skip on LSB of A Zero 


SMCR 


100200 


GKN 


INIGY 


SRV 


— 


— 


Skip on Machine Check Reset 
to 


SMCS 


101200 


am 


IN'iGif 


SRV 


— 


— 


Skip on Machine Check Set 
to 1 


SMI 


101400 


GEN 


SKIP 


SRV 


- 


- 


Skip on A Min\as 


SNZ 


101040 


GEN 


SKIP 


SRV 


- 


- 


fJkip on A Nonzero 


SPL 


100400 


GKN 


SKIP 


SRV 


- 


- 


Skip on A Plus 


SRC 


100001 


GEN 


SKIP 


SRV 


- 


- 


Skip on CBIT Reset to 


SSC 


101001 


GEN 


SKIP 


SRV 


- 


- 


Skip on CHIT Set to 1 


SSM 


140500 


GEN 


INT 


SRV 


- 


- 


Set Sign of A Minus 


SSP 


140100 


(;kn 


INT 


SRV 


- 


- 


Set Sign of A Plus 


SSSN 


040310 


GEN 


MCTL 


V 


6 


5 


Store System Serial Number 


STA 


04 


MR 


MOVE 


SRV 


- 


- 


Store A into Mfimory 


STAC 


001200 


AP 


MOVE 


V 


- 


7 


Store A Conditionally 


STC 


001322 


CHAR 


CHAR 


V 


- 


7 


Store Character 


STC 1 


001332 


CHAR 


cam 


V 


- 


7 


Store Character 


■S-I'KX 


001315 


GEN 


PCTLJ 


V 


6 


5 


Stack Extend 


bTl-'A 


001320 


AP 


FIELD 


V 


- 


- 


Store FAR 


STJ-'A 1 


001330 


AP 


FTRT.n 


V 


- 


- 


Store FAR 1 


STL 


04 03 


MR 


MOVE 


V 


- 


- 


Store Long 


STijC 


001204 


AP 


MOVE 


V 


- 


7 


Store L Coixiitionally 


P STLB 


03 01 


MR 


MOVE 


V 


— 


5 


Store L into Addressed 
Register 


R STPM 


000024 


GEN 


MCTL 


V 


- 


- 


Store Processor Model Number 


STl'M 


000510 


GKN 


MCTL 


V 


6 


5 


Store Process Timer 


bTX 


15 


MR 


MOVE 


SRV 


- 


- 


Store X 


STY 


35 02 


MR 


MOVE 


V 


- 


- 


Store Y 


SUB 


07 


MR 


INT 


SRV 


2 


1 


Subtract 


SVC 


000505 


GEN 


PGHxJ 


SRV 


- 


- 


Supervisor Cam 


SZE 


100040 


GKN 


SKIP 


SRV 


- 


- 


Skip on A Zero 


TAB 


140314 


GEN 


MDVE 


V 


- 


- 


Transfer A to B 


TAK 


001015 


GKN 


KEYS 


V 


7 


6 


Tra.nsfer A to KejTS 


TAX 


140504 


GKN 


MOVE 


V 


- 


- 


Transfer A to X 


. TAY 


140505 


GEN 


MOVE 


V 


- 


- 


Trajisfer A to Y 


TEA 


140604 


GEN 


MOVE 


V 


- 


- 


Transfer B to A 


ICA 


140407 


GEN 


INT 


SRV 


2 


1 


Two's Complement A 


TCL 


141210 


GKN 


INT 


V 


2 


1 


Two's Complement Long 


'iVLL 


001323 


GKN 


FTKT.n 


V 


- 


- 


Transfer FIR to L 


TKIT, 1 


001333 


GEN 


FIELD 


V 


- 


- 


Transfer Flil 1 to L 


TKA 


001005 


GEN 


KEYS 


V 


- 


- 


Trajasfer Keys to A 


TLFL 


001321 


GKN 


F 1 Kl ,n 


V 


- 


- 


Transfer L to FIK 


TLFL 1 


001331 


GKN 


FIELD 


V 


- 


- 


Transfer L to FLR 1 


Tb-iV 


141757 


AP 


(%OEUE 


V 


- 


7 


Test Queue 
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Table I>-1 (oontinued) 
S Mode, R Mode, and V Mode Instruction Summaxy 



R Moem 


Opcode 


Form 


Fimn 


M 


C 


00 


Description 


T3CA 


141034 


GEN 


MOVE 


V 


_ 


_ 


Transfer X to A 


TiTA 


141124 


GEN 


MOVE 


V 


- 


- 


Transfer Y to A 


R WAIT 


000315 


AP 


w<:kx 


V 


- 


- 


Wait 


XAD 


001100 


DECI 


iM:i 


V 


3 


1 


Decimal Add 


XKiU 


001145 


DECI 


IMJl 


V 


3 


5 


Binary to Decimal Ctonversion 


XCA 


140104 


GEN 


MOVE 


SRV 


- 


- 


Exchange and Clear A 


X(!K 


140204 


GEN 


MOVE 


SRV 


- 


- 


Exchange and Clear B 


XCM 


001102 


DEUi 


DhXJi 


V 


- 


1 


Decimal Compare 


xnTB 


001146 


nvci 


DECI 


V 


3 


5 


Decimal to Binary Conversion 


TOV 


001107 


11HCI 


DECI 


V 


3 


5 


Decajtial Divide 


XBC 


01 02 


MR 


PU'i'U 


RV 


- 


- 


RxFicate 


XKI) 


001112 


nRCI 


IM!I 


V 


- 


- 


Numeric Edit 


XMP 


001104 


iMJi 


iMJi 


V 


3 


1 


Decljnal Multiply 


XMV 


001101 


DECI 


llMUi 


V 


3 


1 


Decimal Move 


ZCM 


001117 


CHAR 


CHAR 


V 


6 


7 


Compare Gaiaracter Field 


■/KI) 


001111 


CHAR 


CHAR 


V 


- 


- 


Gharaoter Field Edit 


Zl-'lL 


001116 


CHAR 


CHAR 


V 


6 


5 


Fill Field With Chaxanter 


ZMV 


001114 


CHAR 


CHAR 


V 


6 


5 


Move Character Field 


ZMVD 


001115 


(THAR 


CHAR 


V 


6 


5 


Move Cha.racters Between 
Equal Length Strings 


ZTRN 


001110 


CHAR 


OTAR 


V 


— 


— 


Character String Translate 
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TaixLe D-2 
I Mode Instruction Suittmaoy 



R Mnem 


Opcode 


RI Form 


Func 


C 


(X 


! Description 


A 


02 


RI mcR 


INT 


2 


1 


Add Fullword 


ABQ 


134 


AP 


QUEUE 


- 


7 


Add Entry to Bottom of Queue 


ACP 


55 


RI GR 


UPi"R 


- 


- 


Add C Pointer 


ATTTR 


014 


RGEN 


INT 


2 


1 


Add LINK to R 


AH 


12 


RI mCR 


INT 


2 


1 


Add Halfword 


AIP 


75 


MROR 


C»R 


2 


1 


Add Indirect Pointer 


ARFA 


161 


R14KN 


FIELD 


- 


— 


Add R to FAR 


ARFA 1 


171 


pg™ 


FIELD 


- 


— 


Md R to FAR 1 


ARGT 


000605 


GEN 


PLTLJ 


6 


5 


Argument Transfer 


AIQ 


135 


AP 


(yjEUE 


- 


7 


Add Entry to Top of Queue 


BTH? 


141602 


BRAN 


BRAN 


- 


- 


Branch on Condition Code BQ 


Bcxa: 


141605 


BRAN 


BRAN 


- 


- 


Branch on Condition Code GE 


B(X?i' 


141601 


BRAN 


BRAN 


- 


— 


Branch on Condition Code GT 


BfTTK 


141600 


BRAN 


BRAN 


- 


— 


Branch on Condition Code IE 


BCLT 


141604 


BRAN 


BRAN 


- 


— 


Branch on Condition Code LT 


BCNE 


141603 


BRAN 


BRAN 


- 


- 


Branch on Condition Code NE 


BCR 


141705 


BRAN 


BRAN 


- 


- 


Brancjh on CBIT Reset to 


BCS 


141704 


BRAN 


BRAN 


- 


- 


Branch on CBIT Set to 1 


BFEQ 


122 


IBRN 


BRAN 


- 


4 


Branch on F Eqiia,! to 


BPGE 


125 


IBRN 


BRAN 


— 


4 


Branch on F Greater Than or 
Equa,l to 


EPGT 


121 


IBRN 


BRAN 


- 


4 


Branch on F Greater Than 


Hb'LE 


120 


IBRN 


BRAN 


-~ 


4 


Branch on F Less Tha,n or 
Eqiia.l to 


BFLT 


124 


TBRN 


BRAN 


- 


4 


Branch on F Less Than 


Ht'NE 


123 


TRRN 


BRAN 


- 


4 


Branch on F Not EquaH to 


BHDl 


144 


IBRN 


BRAN 


- 


- 


Branch on r Decremented ty 1 


BHD2 


145 


IBRN 


BRAN 


- 


- 


Branch on r Decremented iy 2 


BHDl 


146 


iBRA 


BRAN 


- 


- 


Branch on r Decremented iy 4 


BHBQ 


112 


IBRN 


BRAN 


- 


4 


Branch on r Bqua,l to 


BH(4h; 


115 


IBRN 


BRAN 


— 


4 


Branch on r Greater Than or 
Eqiia.l to 


BHbl' 


111 


IBRN 


BRAN 


- 


4 


Branch on r Greater Than 


BHIl 


140 


IBRN 


BRAN 


- 


- 


Branch on r Incremented iy 1 


BHI2 


141 


TBRN 


BRAN 


- 


— 


Branch on r Inoi-emented Iy 2 


BHI4 


142 


IKRN 


BRAN 


- 


— 


Branch on r Incremented iy 4 


BfTTiK 


110 


IBRN 


BRAN 


— 


4 


Branch on r Less Than or 
Eqiia.T to 


HHLT 


114 


TBRN 


BRAN 


- 


4 


Branch on r Less Than 


BHNE 


113 


IKRN 


BRAN 


- 


4 


Branch on r Not Equal to 


BTR 


141707 


BRAN 


BRAN 


- 


- 


Branch on LINK Reset to 


RT.S 


141706 


BRAN 


BRAN 


- 


- 


Branch on TiTNK Set to 1 


BMHiJ 


141602 


BRAN 


BRAN 


- 


- 


Branch on Magnitude Condition 

BQ 
Branch on Magnitude Condition 

GE 


bm(;k 


141706 


BRAN 


BRAN 


- 


- 
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I Mode Instruction Suinmary 



R Mnem 


Opcode 


RI 


Form 


Fimo 


C 


CC 


Description 


BM3T 


141710 




BRAN 


BRAN 


- 


- 


Branch on Magnitude Condition 

GT 
Branch on Magnitude Condition 

T.K 
Branch on Magnit-ude Condition 

LT 
Branch on Magnitude Condition 

NE 
Branch on Register Bit Reset 


BMT,R 


141711 




BRAN 


BRAN 


- 


- 


BMLT 


141707 




BRAN 


BRAN 


- 


- 


BMNE 


141603 




BRAN 


BRAN 


- 


- 


ERBR 


040-orr 




IBRN 


BRAN 


— 


_ 
















to 


BRBS 


000-037 




IBRN 


BRAN 


— 


— 


Branch on Register Bit Set 
to 1 


BRDl 


134 




TBRN 


BRAN 


- 


- 


Branch on R Decremented by 1 


BRDS 


135 




IBRN 


BRAN 


- 


- 


Branch on R Decremented by 1 


BRDi 


136 




IBRN 


BRAN 


- 


- 


Brancii on R Decremented ty 4 


BR,EQ 


102 




IHRN 


BRAN 


- 


4 


Branch on R Equal to 


BRHR 


105 




IHKN 


BRAN 


— 


4 


Branch on R Greater Than or 
Equa,! to 


BRGT 


101 




IBRN 


BRAN 


- 


4 


Branch on R Greater Than 


BRIl 


130 




IBRN 


BRAN 


- 


— 


Branch on R Incremented by 1 


BRI2 


131 




IBRN 


BRAN 


- 


- 


Branch on R Incremented by 2 


BRI4 


132 




IBRN 


BRAN 


- 


- 


Branch on R Incremented by 4 


•RR.T.'R 


100 




IBRN 


BRAN 


— 


4 


Branch on R Less Than or 
Eqiia,! to 


ERLT 


104 




IBRN 


BRAN 


- 


4 


Branch on R Less Than 


BRNE 


103 




TRRN 


BRAN 


- 


4 


Branch on R Not Equal to 


C 


61 


RI 


MROl 


INT 


1 


1 


Compare Fullword 


CALF 


000705 




AP 


POTLJ 


6 


5 


Call Fault Harxiler 


OCP 


45 


R 


GR 


CPTR 


- 


1 


Compaxe C Pointer 


ivr 


026 




RTtKN 


BRAN 


6 


5 


Computed GOTO 


CH 


71 


RI 


MRGR 


INT 


1 


1 


Compare Halfword 


CHS 


040 




RGbN 


INT 


- 


- 


Change Sign 


CMH 


045 




RGKN 


LOGIC 


- 


- 


Complement r 


GMR 


044 




RGKN 


LOGIC 


- 


- 


Coiwplement R 


GR 


056 




WIKM 


CLEAR 


- 


- 


Cleai R to 


CR,RTi 


062 




RGKN 


CTiFAR 


- 


- 


dear R High Byte l Ri^t 


CRBR 


063 




RTtKN 


a, FAR 


- 


- 


Clear R High Byte 2 Right 


GRHL 


054 




RGKN 


nr,KAR 


- 


- 


Clear R Left Hfl.lfword 


CRHR 


055 




RGKN 


a,KAR 


- 


- 


Clear R Right Halfword 


CSR 


041 




RGKN 


MOVE 


5 


- 


Copy Sign of R 


D 


62 


RI 


mcR 


INT 


3 


5 


Divide Fun word 


nBT.K 


106 




RGKN 


FLPT 


— 


— 


Convert Single to Double 
Precision Floating 


DCP 


160 




Ri4KrT 


CPTR 


- 


- 


Decrement C Pointer 


Db'A 


15,17 


RI 


MRFR 


FLPT 


3 


5 


Double Precision Floating Add 


DfC 


05,07 


RI 


MRFR 


FLPT 


"~ 


1 


Double Precision Floating 
Compare 
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Tatile D-2 (continvied) 
I Mode InstoTuotion Summary 



R Mnem Opcode RI Form Func C OC Description 



DFGM 

DFD 

DFL 

DFM 

EFS 



144 



RGEN FLPT 



DH 

DHl 

DH2 

EM 

EWH 

mi 

ER2 
DRN 
DRNM 

IRNP 

ERNZ 

E16S 
E32I 
E32R 
E32S 
E64R 
E64V 
EAFA 
EAFA 1 
EALB 
EAR 
EAXB 
R EIO 
R ENB 
R ENBL 
R ENBM 
R ENBP 
FA 
FC 
FGDQ 

PCM 



31,33 RI MRFR FLPT 

01,03 RI MRFR FLPT 

25,27 RI MRFR FLPT 

21.23 RI MRFR FLPT 



DFST 11,13 



72 

130 

131 

60 

70 

124 

125 

040300 

140571 

040301 

040302 



MRFR FLPT 

RI WGR INT 

RGEN INT 

RGEN INT 

MRNR INT 

MRNR INT 

RGEN INT 

RGEN INT 

GEN FLPT 

GEN FLPT 

GEN FLFT 

GEN FLPT 



000011 

001010 

001013 

000013 

001011 

000010 

001300 

001310 

42 

63 

52 

34 

000401 

000401 

000400 

000402 

014,16 RI 

04,06 RI 

140571 

100 



GEN 

GEN 

GEN 

GEN 

GEN 

GEN 

AP 

AP 

MRNR 

IMS. 

MRNR 

MRGR 

GEN 

GEN 

GEN 

GEN 

MRFR 

MRFR 

GEN 



AEMCD 

AEMCD 

AEMOD 

MMD 

AEMGD 

AEMCD 

FIELD 

FIELD 

PCTU 

PCTU 

POELJ 

10 

10 

10 

10 

10 

FLPT 

FLPT 

FLPT 



3 5 

3 5 

3 5 

3 5 



3 
2 
2 



2 
2 

3 
8 



3 5 
3 5 



3 5 
- 1 



RGEN FLPT 3 5 



Double Precision Floating 

Compleinent 
Double Precision Floating 

Divide 
Double Precision Floating 

Load 
Double Precision Floating 

Multiply 
Double Precision Floating 

Subtract 
Double Precision Floating 

Store 
Divide Halfword 
Decrement r by 1 
Decrement r by 2 
Decrement Memory Fullword 
Decrement Memory Halfword 
Decrement R by 1 
Decrement R ty 2 
Double Round From Quad 
Double Round From Quad 

Towards Negative Infinity 
Double Round From Quad 

Towards Positive Infinity 
Double Round From Quad 

Towards Zero 
Enter 16S Mode 
Enter 321 Mode 
Enter 32R Mode 
Enter 32S Mode 
Enter 64R Mode 
Enter 64V Mode 
Effective Address to FAR 
Effective Address to FAR 1 
Effective Address to LB 
Effective Address to R 
Effective Address to XB 
Execute I/O 
Enable Interrupts 
Enable Interrupts (Local) 
Enable Interrupts (Mutiial) 
Enable Interrupts (Process) 
Floating Add 
Floating Compare 
Floating Convert Double to 

Quad 
Floating Complement 
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Table I>-2 (continued) 
I Mode Instruction Suntmary 



R Mnem Opcode RI Form Func C OC Description 

Floating Divide 

Floating Load. 

Convert Integer to Floating 

Point 
Convert Halfwoxd Integer to 

Floating Point 
Floating Multiply 
Floating Round 
Floating Round Towards 

Negative Infinity 
Floating Round Towards 

Positive Infinity 
Floating Round Towards Zero 
Floating Subtract 
Floating Store 
Halt 
Interchange R and Jfemory 

Fullword 
Interchange Bytes and Clear 

Left 
Interchange Bytes and Clear 

Right 
Interchange Halfwords and 

Clear Left 
Interchange Halfwords and 

Clear Right 
Increment C Pointer 
Interchange r and and Memory 

Halfword 
Increment r iy 1 
Increment r by 2 
Increment Memory Fullword 
Increment Memory Halfword 
Interrupt Notify Beginning, 

Clear Active Interrupt 
Interrupt Notify Beginning 
Interrupt Notify End, Clear 

Active Interrupt 
Interrupt Notify End 
Inhibit Interrupts 
Inhibit Interrupts (Local) 
Inhibit Interrupts (Mutual) 
Inhibit Interrupts (Process) 

T-n-y-n ^ +* TTciT to 

Convert Floating Point to 
Integer 





FD 


30,32 


RI 


MRFR 


Fi^r 


3 


5 




FL 


00,02 


RI 


MRFR 


FLPT 


- 


- 




FLT 


105,11 




PTtKN 


FLPT 


6 


5 




FLTH 


102,11 




RTtKN 


FLFT 


6 


5 




FM 


24,26 


RI 


MRFR 


FLPi' 


3 


5 




FRN 


107 




w;kn 


FLPT 


3 


5 




FRNM 


146 




a;KN 


FLPT 


3 


5 




FRNP 


145 




PHKN 


FLPT 


3 


5 




FRNZ 


147 




RTtKN 


FLPT 


3 


5 




FS 


20,22 


RI 


MRFR 


FLPT 


3 


5 




FST 


10,12 




MRFR 


FLFi' 


3 


5 


R 


HLT 


000000 




am 


MCTL 


- 


- 




I 


41 


R 


MRGR 


MOVE 


- 


- 




I( !KI , 


065 




RGRN 


MOVE 


- 


- 




ICHR 


066 




RGEN 


MOVE 


- 


- 




ICHL 


060 




RGEN 


MOVE 


- 


- 




ICHR 


061 




RGKN 


MOVE 


- 


- 




ICP 


167 




RGRN 


CFTR 


— 


— 




IH 


51 


R 


MRGR 


MOVE 


— 


— 




IHl 


126 




RIIKhJ 


INT 


2 


1 




IH2 


127 




RGKN 


INT 


2 


1 




IM 


40 




MRNR 


INT 


- 


1 




IMH 


50 




MRNR 


INT 


- 


1 


R 


DJBC 


001217 




AP 


m :kx 


6 


5 


R 


INBN 


001215 




AP 


PRK :kx 


6 


5 


R 


INBC 


001216 




AP 


PRCEX 


6 


5 


R 


IMEN 


001214 




AP 


m !KX 


6 


5 


R 


INK 


001001 




(;km 


10 


- 


- 


R 


INHL 


001001 




CM 


10 


- 


- 


R 


INHM 


001000 




GRN 


10 


- 


- 


R 


INHP 


001002 




GEN 


10 


- 


- 




DK 


070 




PfiKN 


iiKYS 


- 


- 




INT 


103,11 




RGEN 


FLPi' 


3 


5 
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Tai>le D-2 (continued.) 
I Mode Instruction Summary 



R Mnem 


Opcode 


RI Form 


Fimo 


C 


OC Description 


INTH 


101,11 


RGEN 


FLPT 


3 


5 


Convert Floating Point to 
Halfword Integer 


IRl 


122 


RGKM 


INT 


2 


1 


Increment R ty 1 


IR2 


123 


PGKN 


INT 


2 


1 


IncrenvRnt R iy 2 


1KB 


064 


r<;kn 


MOVE 


- 


- 


Interdhange r Bytes 


IRH 


057 


PffRN 


MOVE 


- 


- 


Interchange R Halves 


R IRTC 


000603 


GEN 


10 


7 


6 


Interrupt Return, (Tleax 
Active Interrupt 


R IRTN 


000601 


GRN 


10 


7 


6 


Interrupt Return 


R ITLB 


000615 


GEN 


MCTL 


6 


5 


Invalidate STLB Entry 


JMP 


51 


MRMl 


PCTUr 


- 


- 


Jump 


JSR 


73 


WCR 


PCTur 


- 


- 


Jump to Subroutine 


JSXB 


61 


mm 


PCTLJ 


- 


- 


Jump and Save in XB 


L 


01 


RI MRGR 


MOVE 


- 


- 


Load 


LOG 


45 


MRGR 


cnu 


- 


7 


Ijoad C Cliaracter 


IHFQ 


153 


R(4KN 


LTSTS 


- 


- 


Load r on Condition Code EQ 


\lXi\i 


154 


rg™ 


LTSTS 


- 


- 


Load r on Condition Code GE 


LOOT 


155 


RGRN 


LTSTS 


- 


- 


Load r on Condition Code GT 


laiE 


151 


RGRN 


LTSTS 


- 


- 


Load r on Condition Code LE 


IjCLT 


150 


r<;kn 


LTbl'S 


- 


- 


load r on Condition Code LT 


iriNE 


152 


RfiKN 


LTSTS 


- 


- 


Load r on Condition Code NE 


p t,™r 


44 


mcR 


MOVE 


- 


5 


Load from Addressed Register 


LUC 


162 


RGKN 


CHAR 


- 


7 


Load Qiaracter 


LDC 1 


172 


RGKN 


CHAR 


- 


7 


Load Qiaracter 


Lb)Q 


003 


P(4KhT 


LTSTS 


- 


4 


Load r on R Eqiia,! to 


LF 


016 


RIKf^ 


LTSTS 


- 


5 


Load False 


LFBQ 


023,03 


RGRN 


LTSTS 


- 


4 


Load r on F Equal to 


LHiK 


024.03 


RGKN 


LTSTS 




4 


Load r on F Greater Than or 
Bqnal to 


LPGT 


025,03 


RGEN 


LTSTS 


- 


4 


Load r on F Greater Than 


LFLE 


021,03 


RGRN 


LTSTS 


— 


4 


Load r on F Less Than or 
Eqiia.1 to 


LFKE 


001303 


BRAN 


FIELD 


- 


- 


Load FIR Immediate 


LFLI 1 


001313 


BRAN 


FIKFin 


- 


- 


Load FIR 1 Immedia,te 


LPLT 


020,03 


RGRN 


LTSTS 


- 


4 


Load r on F Less Than 


LFNE 


022,03 


RGKN 


LTSTS 


- 


4 


Load r on F Not Equal to 


TfTR 


004 


RGEN 


LTSTS 


— 


4 


Load r on R Greater Than or 
Equal to 


LGT 


005 


r(;kn 


LTSTS 


- 


4 


Load r on R Greater Than 


LH 


11 


RI mcR 


MOVE 


- 


- 


Load Halfword 


LHEQ 


013 


RGKN 


LTSTS 


- 


4 


Load r on r Equal to 


LHSE 


004 


RGEN 


LTtfi'S 


— 


4 


Load r on r Greater Than or 
Equal to 


LHGT 


015 


r<;kn 


LTSTS 


- 


4 


Load r on r Greater Than 


LHLl 


04 


R MRGR 


MOVE 






Load Halfword Shifted Left 
ty 1 
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Table D-2 (continued) 
I Mode Instruction Smnmaoiy 



R 


MnftTn 


Opcode 


RI 


Form 


Func 


C 


OC 


Description 




1H\P, 


14 


R 


MRC31 


MOVE 


- 


- 


Load Halfword Shifted Left 
ty 2 




mL3 


35 


R 


mcR 


MOVE 


— 


— 


Load Halfword Shifted Left 
ty 3 




LHLE 


Oil 




RliKN 


LTbTS 


— 


4 


Load r on r Less Than or 
Equal to 




LHT.T 


000 




RGKN 


LTSTS 


- 


4 


Load r on r Less Than 




LHNE 


012 




RGEN 


LTbTS 


- 


4 


Load r on r Not Equa,l to 


R 


LIOT 


000044 




AP 


MOIL 


6 


5 


Load ICTLB 




UP 


65 




ISBCR 


GRR 


- 


- 


Load Indirect Pointer 




T.T,R 


001 




mim 


LTSTS 


— 


4 


Load r on R Less Than or 
Equal to 




LLT 


000 




RffRN 


LTSTS 


- 


4 


Load r on R Less Than 




LNE 


002 




RGEN 


LTSTS 


- 


4 


Load r on R Not Equal to 


R 


LPID 


000617 




GEN 


MOTL 


- 


- 


Load Process ID 


R 


LPStf 


000711 




AP 


MCTTL 


7 


6 


Load Process Status Word 




LT 


017 




RIIKN 


LTSTS 


- 


5 


Load True 




M 


42 


RI 


mcR 


INT 


* 


- 


Multiply Fullword 




MH 


52 


RI 


WGR 


IM" 


3 


5 


Multiply Halfword 




N 


03 


RI 


MRGR 


nx5ic 


- 


- 


AND Fullword 


R 


NFYB 


001211 




AP 


vw:kx 


6 


5 


Notify 


R 


WYE 


001210 




AP 


PRCKX 


6 


5 


Notify 




NH 


13 


RI 


mCR 


LOGIC 


- 


- 


AND Halfword 




NOP 


000001 




GEN 


MCTL 


- 


- 


No Operation 







23 


RI 


WGR 


LOGIC 


- 


- 


CR Fullword 




OH 


33 


RI 


mcR 


LOGIC 


- 


- 


CR Halfword 




OTK 


071 




RGKN 


KEYS 


7 


6 


Output Kejrs 




pa, 


41 




MRNR 


PCIU 


6 


5 


Procediu?e CaHl. 




PID 


052 




RGEN 


INT 


- 


- 


Position for Integer Divide 




PICH 


053 




RGEN 


INT 


— 


— 


Position r for Integer 
Divide 




PIM 


050 




r(;kn 


INT 


3 


5 


Position after Multiply 




PIMH 


051 




RCKN 


INT 


3 


5 


Position r after Multiply 




PRTN 


000611 




GEN 


PO'i'U 


7 


6 


Prooed-ure Return 


R 


PTLB 


000064 




GKN 


MCEL 


6 


5 


Purge TLB 




^AD 


36 




mm 


FLPT 


5 


5 


Quad Precision Floating Add 




gi-c 


47 


RI 


MRFR 


FLPT 


— 


7 


Qiiad Precision Floating 
Compare 




i^b-CH 


140570 




(;kn 


FLPT 


3 


5 


Qiiari Precision Floating 
Complement 




QFD7 


46 




MRFR 


FLPT 


3 


5 


Quad Precision Floating 
Divide 




QFLD 


34 




MRFR 


FLPT 


- 


- 


Quad Precision Floating Load 




QFMP 


45 




MRFR 


FLPT 


3 


5 


Qiiari Precision Floating 

Multiply 




QFSB 


37 




MRFR 


FLPT 


3 


5 


Qiiari Precision Floating 
Subtract 
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TaJDle D-2 (contlnxjed) 
I Mode Instruction Summary 



R Mnem 


Opoode 


RI Form 


Func 


C 


OC Description 


QFST 


35 


MRFR 


FLPT 


- 


- 


Quad Precision Floating Store 


Qmj 


140572 


GE2T 


FLPT 


3 


5 


Quad to Integer, in Quad 
Convert 


QIQR 


140573 


rfRN 


FLPT 


3 


5 


Quad to Integer, in Quad 
Convert Roviixied 


RBQ 


133 


AP 


QUEUE 


— 


7 


Remove Entry from Bottom 
of Queue 


RfTR 


140200 


GEN 


KEYS 


8 


- 


Reset GBIT to 


R RMC 


000021 


QW 


IN'iliY 


- 


- 


Reset Machine Check Flag to 


ROT 


24 


MROl 


SHIFT 


4 


- 


Rotate 


RRST 


000717 


AP 


MCTL 


- 


- 


Restore Registers 


RSAV 


000715 


AP 


MCTTL 


- 


- 


Save Registers 


RTQ 


132 


MIKM 


QUEUE 


" 


7 


Remove Entry from Top of 
Queue 


R RTS 


000511 


GEN 


MCTL 


- 


- 


Reset Tijte Slice 


S 


22 


RI mGR 


INT 


2 


1 


Subtract Fullword 


SCB 


140600 


GEN 


KEYS 


5 


- 


Set CBiT to 1 


SOC 


55 


MRGR 


CPiR 


- 


- 


Store C Character 


SH 


32 


RI MRQl 


INT 


2 


1 


Subtract Ha,lfword 


SHA 


15 


MRGR 


SHIFT 


4 


- 


Shift Arithmetic 


SHL 


05 


mcR 


SHll-T 


4 


- 


flhift Logical 


SHLl 


076 


mim 


SHIFT 


4 


- 


Shift R Left 1 


SHLZ 


or? 


r<;kn 


SHIFT 


4 


- 


Shift R Left 2 


SHRl 


120 


RGEN 


SKEFT 


4 


- 


Shift R Right 1 


SHR2 


121 


RTtKN 


Saii'T 


4 


- 


Shift R Right 2 


STJ 


072 


WIKN 


SHU?T 


4 


- 


Shift R Left 1 


KTft 


ard 


RGKN 


SHli^T 


4 


- 


Shift R Left 2 


SRI 


074 


RGKN 


fciHii<"i' 


4 


- 


Shift R Right 1 


SR2 


075 


RGKN 


SHiJ?T 


4 


- 


Shift R Right 2 


SSM 


042 


R(;Kf<r 


INT 


- 


- 


Set Sign Minus 


SSP 


043 


RGKN 


INT 


- 


- 


Set Sign Plus 


SSSN 


040310 


GEN 


MCTL 


6 


5 


Store System Serial Nimber 


ST 


21 


MRC31 


MOVE 


- 


- 


Store Fullword 


P STAR 


54 


mcsi 


MOVE 


- 


5 


Store into Addressed Register 


STC 


166 


mim 


CHAR 


- 


7 


Store Character 


STC 1 


176 


RGKN 


CHAR 


- 


7 


Store Character 


STCD 


137 


AP 


MOVE 


- 


7 


Store Conditional Fullword 


STGH 


136 


AP 


MOVE 


- 


7 


Store Conditional Halfword 


STM 


027 


RGKN 


PCTU 


6 


5 


Stack Extend 


S'il'A 


001320 


AP 


FIKT,n 


- 


- 


Store FAR 


bTl'-A 1 


001330 


AP 


FTKT,n 


- 


— 


Store FAR 1 


STH 


31 


MRGR 


MOVE 


- 


- 


Store Halfword 


R STPM 


000024 


GEN 


MCTL 


- 


- 


Store Processor Model Number 


STTM 


000510 


GKN 


MCTL 


6 


5 


Store Process Timer 


SVC 


000505 


GEN 


PCi'U 


- 


- 


Supervisor Cam 


TC 


046 


RGKN 


INT 


3 


1 


Two's Complement R 


TGH 


047 


r(;kn 


INT 


3 


1 


Two's Complement r 
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Table D-2 (continued) 
I Mode Instruction Summary 



R Mnem 


Opcode RI 


Form 


Func 


C 


CC 


Description 


TCNP 


76 R 


MRNR 


CPTR 


_ 


1 


Test C Nnll Pointer 


■iVLR 


163 


RTtKN 


FIKT.n 


- 


- 


Transfer Flil to R 


Ti''LR 1 


173 


RTtKN 


FIKTiD 


- 


- 


Transfer FW. 1 to R 


TM 


44 


MRNR 


MCTTL 


- 


1 


Test Memory Fullword 


TMH 


54 


MRNR 


INT 


- 


1 


Test Memory Ha,1fword 


TRFL 


165 


p«;kw 


FIELD 


- 


- 


Transfer R to FIR 


TRFL 1 


175 


R(IKN 


FIELD 


- 


- 


Transfer R to FLR 1 


TSTQ 


104 


RGKN 


QUEUE 


- 


7 


Test Queue 


R WATT 


0X315 


AP 


ERCEX 


- 


- 


Wait 


X 


43 RI 


MRGR 


IJ3GIC 


- 


- 


Exclusive CB Fullword 


XAD 


001100 


nnci 


TTRCI 


3 


1 


Decimal Add 


XKi'D 


001145 


TTFICI 


DBCI 


3 


5 


Binary to Decimal Conversion 


XGM 


001102 


TTRCI 


UfcXJi 


- 


1 


Decimal Compare 


XEfEB 


001146 


DRCI 


IMJl 


3 


5 


Decimal to Binary Conversion 


XiV 


001107 


JJfcCI 


DhCI 


3 


5 


Decimal Divide 


X.KI) 


001112 


DECI 


DHCI 


— 


- 


Numeric Knit 


XH 


53 RI 


MRGR 


K3GIC 


- 


- 


Exclusive CR Halfword 


XMP 


001104 


DECI 


nECi 


3 


1 


Decimal Multiply 


XMV 


001101 


DRCI 


TTRCI 


3 


1 


Decimal Move 


ZGM 


001117 


CHAR 


CHAR 


6 


7 


Compare Character Field 


7m 


001111 


CHAR 


CHAR 


- 


- 


Character Field Edit 


ZFIL 


001116 


OTAR 


CHAR 


6 


5 


Fill Field With Character 


ZM 


43 


mm 


CLEAR 


- 


- 


Clear Fullword 


zm 


53 


mm 


a, EAR 


- 


- 


Clear Halfword 


ZMV 


001114 


CHAR 


CHAR 


6 


5 


Move Character Field 


ZMVD 


001115 


CHAR 


CHAR 


6 


5 


Move Characters Between Equal 
Length Strings 


ZTRN 


001110 


CHAR 


CHAR 


— 


— 


Character String Translate 



Second Edition 



D-20 



E 



2455 Architecture 



The 2455 processor has now been added to the Prime 50 Series computers. 
This new processor shares the axchitecture and operating system that is 
common to all 50 Series processors and mates the 50 Series a line of 
completely upwajxi-compatible and downward-compatible systems. 

The implementation of the common architecture, however, can be sligjitly 
different for each member of the 50 Series, allowing the different 
processors to address a wide variety of user needs while remaining 
coEtvpatible. 

The architectural inrplementation of the 2455 is identical to that of 
the 2755 processor. 
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Aocess rights, 

for segments, 4-16 
gate access , 8-7 
validation during memory 

access, 4-21 
values and their meanings, 

4-22 

Address formation, 
EMx, 11-21 

Address manipulation 
instructions, 6-9 

Address translation, 
details of operation, 4-26 
mechanism, 4-26 
STLB, 1-^ 
timing information, 4-24 

Address traps, 
32R mode, 3-24 
64R mode, 3-27 
64V mode, 3-16 
action for 64V mode short, 

3-33, B-7 
discussion, 3-31 
register file correspondence, 

3-34 



Addressing, 

address formation, 3-8 
components of virtual address, 

3-2 
direct, 3-8 
discussion, 3-1, B-6 
cm. 3-10 
indexed, 3-8 
indirect , 3-8 
indirect indexed, 3-10 
instructions , 6-9 
modes, 3-10 
register file, 9-21 
traps ( See Address traps) 
units of information, 3-1 

Addressing modes, 
discussion, 3-10 
mnemonics taile, 3-13 
summaiy tai)le, 3-14 

Air flow sensor, 10-18 

Alignment, 
iurst-mode EMA, 11-18 
burst -mode EWT, 11-20 
EMC control word, 11-19 
ECB in gate segments, 8-7 
PCB, 9-2, G-3 
QCB address, 11-21 
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Alignment (continued) 
QCBs, 6--42 
queues, 6-43 

Ardhitecture , 

dual-stream, B-3 
Prime 6350, 1-10 
single-stream, 1-2 

Argument pointers, 

calculating and storing, 8-12 
discussion, 8-6 

Argument templates, 
discussion, 8-6, 8-11 
format , 8-6 

Arithmetic logic unit, 1-5 

Arithmetic overflow, 5-9 

Arithmetic overflow instructions, 
5-9 

Arithmetic shift instructions, 
6-14 

A-uxiliary base (XB), 

alteration by PCL, 8-15 
base register field, 3-7 
indirect pointer calculation, 

8-11 
introduction, 3^ 



B 



Backward threaded stack frames, 
8-3 



discussion, 3-3, 3-7 
format , 3-3 
instructions, 6-9 
relationship to offsets, 3^ 

Battery backup capability, 1-10 

Beat rate, 1-7 

Beginning of list, 9-5 

Binary numbers, 6-3, 6-4 



Bit manipulation instructions, 
6-2 

Bits, 3-1 

Boolean operations, 6-2 

Branch cache, 1-9, 10-39 

Branch instructions, 7-1 

Breaks, 
discussion, 10-1 
summary of, 10-2 

Burst-mode EMA, 11-18 

Burst-mode EMT, 11-20 

Bytes, 3-1 



C language character pointer, 
3-i, 3-11, 3-20 

Cabinet overtemperature sensor, 
10-18 

Cache memory, 

access details, 4-22 
branch, cache, 1-9 
details of access, 4-19, B-10 
discussion, 1-2, 1-10, 2-3, 

4-14 
entry format, 4-14, B-10 
inhibiting use of, 4-17, 4-18 
introduction, 1-2, B-2 
invalidation by stream 

oyxiUiiiJ. wxu.<eja>UJ.uxx mi i u, u w 

invalidation via lOTLB, 11-15, 

B-28 
sizes and hit rates, 2-3, B-5 
use during address conversion, 

4-2 
virtual mapping, 4-22 

Called procedure, 8-2 






Caller, 8-2 
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Calling procedure , 8-2 

Calls, 8-1 

CBIT, 5-9 

Gharax3ter manipulation, 
exantples, 6-39 
field operation instructions, 

6-17 
instructions, 6-38 

Character strings, 
as floating-point numbers, 

6-26 
instructions, 6-38 
manipulation of, 6-39 

Checks, 
diagnostic status words, 10-21 
discussion, 10-18 
handler, 10-18 
handler operation, 10-35 
header format, 10-21 
MCM field, 10-34 
reporting modes, 10-35 
traps, 10-36 

traps produced by checks and 
their actions, 10-37, B-26 
types of, 10-18. 10-36 
vectors, 10-21 

Checksum Instructions, 6-2 

Clear register/memory 
instructions, 6-16 

Components of an instruction, 
3-5 

Concealed stack, 10-10 

Concurrency control. 

Prime 850 locks, B-3, B-5 

Condition codes, 5-9 

Control store, 1-4, B-2 

Control word format for decijnal 
instructions , 6-34 



Controller, 
address, 11-4 
discussion, 11-1 
relationship to processor, 

11-1 

Controller address field, 11-4 
CPUNDM, C-3 



Data movement instructions, 6-10 

Datatypes, 
discussion, 6-1 
summaj?y with applicable I mode 

instructions, 6-49 
summary witlx applicable R mode 

instructions, 6^7 
summary with applicable S mode 

instructions, 6-47 
summaiy with applicable V mode 

instructions, 6-47 

Decimal data, 
accuracy, 6-36 
control word format, 6-34 
packed, 6-33 
precision, 6-36 
register use, 6-36 
sign/digit representations for 

unpacked, 6-33 
types, 6-35 
unpacked, 6-32 

Descriptor Table Address 
Register, 4-15, 4-29 

Diagnostic status words, 
list of, 10-21 
setting iy multiple checks, 

10-35 
value after checks, 10-34 

Direct addressing, 3-8 

Direct memory access (See EMA) 

Direct memory access methods 
(See EMx) 
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Direct memoiy control, 11-19 

Direct itemory queue, 6^1, 6^5, 
11-21 

Direct memory transfer, 11-20 

Dispatcher , 

discussion , 9- 16 
operation, 9-27, B-18 
operation on Prime 850, C-11 

Displacement, 3^, 3-7 

EMA, 

burst-mode, 11-18 
discussion, 11-16 
extended, 11-19 
register file, 9-21 
servicing a request, 11-17 

DMC, 11-19 

EgyfQ, 11-21 

physical queiies, 6-41 
quevie operations, 6-45 

EMT, 11-20 

burst-mode, 11-20 

EMx, 

address formation, 11-21 

discussion, 11-10 

EMA, 11-16 

EMC, 11-19 

EMQ, 11-21 

EMT, 11-20 

larLB, 11-14 

mapped I/O, 11-13, B-27 

transfer rates, 11-12 

Double precision floating-point, 
6-19 

DSWPARITiT, 

format for Prime 2350 to 2755, 

10-29 
format for Priitve 6350, 10-22 
format for Prime 750, B-23 
format for Prime 850, B-23 
format for Projne 9650 and 9655, 

10-29 
format for Prime 9750 to 9955 

II, 10-26 



DSWPARHY2, 

format for Prime 6350, 10-24 

DSWPB, 10-34 

DSWRMA, 10-33 

DSWSTAT, 
discussion, 10-36 
format for earlier processors, 

B-25 
format for Prime 2350 to 2755, 

10-32 
format for Prime 6350, 10-30 
format for Prime 9650 and 9655, 

10-32 
format for Prime 9750 to 9955 

II, 10-31 

DTAR, 
discussion, 4-15 
format, 4-15 

vise during address translation, 
4-29 

Dual-stream architecture, B-3 



E 



Earlier processors, 
address translation, 4-26, 

B-11 
address trap action, 3-31, B-7 
addressing, 3-1, B-6 
altering sequential flow, 7-1, 

B-16 
breaks, 10-1, B-19 
cache, B-2 

cache access, 4-19, B-10 
cache entry format, B-10 
cadie sizes and hit rates, B-5 
checks, 10-18, B-22 
control store, B-2 
datatypes, 6-1, B-11 
dispatcher operation, 9-25, 

B-18 
EMA register file, 9-21, B-18 
DSWPARITY, B-23 
DSWPB, 10-34, B-22 
DSWRMA, 10-33, B-22 
DSWSTAT, B-25 
DTAR, 4-15, B-10 
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Earlier processors (continued) 
dual-stream axciiltectiire, B-3 
execution unit, 1-5, B-2 
favats, 10-6, B-22 
floating-point, 6-19, B-11 
HMAP, 4-18, B-10 
input/output, 11-1, B-27 
instruction stream units, B-3 
instruction unit, B-2 
interrupts, 10-3, B-19 
interval clock, B-27 
lOTELB, B-27 
kej^, 5-4, B-11 
list of, 1-1, B-1 
memory management, 4-1, B-8 
microcode, B-2 

microcode register files, B-18 
modals, 5-2, B-11 
nonindexing 64V mode 

instructions , B-6 
physical aixi virtual memory, 

2-1, B-5 
procedure calls, 8-1, B-17 
process exchange, 9-1, B-17 
process exchange on Prime 850, 

C-1 
process interval tojner, 9-25, 

B-18 
register files, B-17 
restricted instructions, 5-11, 

B-11 
SOT and SEW, 4-16, B-10 
single-stream axcihitecture, 

1-2, B-2 
stacks, 8-1, B-17 
STLB, B-2 

STLB access, 4-19, B-10 
STLB entry format, B-8 
STLB hashing algorithm, B-9 
stream ^mdhronization units, 

B-3 
system overview, 1-1, B-2 
traps, 10-37, B-26 
user register files, 9-19, 

B-18 

BOB, 

CALF instruction, 10-13 
discussion, 8-5 
format , 8-5 
gate segments, 8-7 
ring numbers, 8-7 
stack allocation, 8-10 



BCL, 1-10 

Effective address calculation 
instructions, 6-9 

Embedded operating S3^em, 8-1 

Emitter coupled logic, 1-10 

End of list, 9-5 

Entiy control block (See ECB) 

Environment seizor support, 
check, 10-18 
discussion, 10-18 

Environmental checks, 10-18 

Excess 128, 6-19 

Execution unit, B-2 
discussion, 1-5 
introduction, 1-5 
power-up initialization, A-1 
relationship to I/O controller, 
11-1 

EjqxDnent , 6-19 

Extended EMA, 11-19 

Extension segments, 8-2 



FADCR, 10-16 

FAR (See Field address register) 

Fault address, 10-13 

Fatat bit, 4-16 

Fault code, 10-13 

Faults, 

access, 4-22, 8-7 
arithmetic exceptions, 10-16, 

B-22 
CALF instruction, 10-10 
classes, 10-6 
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Faults (continued) 

classes summaory, 10-15 

concealed sta;Gk, 10-10 

decimal, 5-6 

discussion, 10-6 

floating-point , 5-6 

handler , 10-7 

integer , 5-6 

omitted argument pointer, 8-14 

page, 4-29 

PCB, 9-3 

pointer, 3-9, 8-11, 8-14 

process, 9-27, C-11 

SDW, 4-16 

seitiapihore overflow, 9-9, 9-13, 

10-6, 10-9. 10-15 
servicing , 10-12 
stack overflow, 8-3, 8-10 
summary of, 10-6 
tables, 10-8 
vectors , 10-7 

FOODE, 10-16, B-22 

Field address register, 
format , 6-18 
instructions, 6-17 
introduction , 6- 17 
overlap with floating-point 
registers, 6-17, 6-21, 9-20 

Field length register, 
format , 6-18 
instructions , 6-17 
introduction, 6-17 
overlap with floating-point 
registers, 6-17, 6-21, 9-20 

Field operations instructions, 
6-17 

FiitiTwai-e , 1-4 

Fixed-point data, 
addresses, 6-9 
discussion, 6-1 
field operations, 6-17 
instructions, 6-4, 6-10 
logical values, 6-2 
signed integers, 6-3 

Flag bits in CALF stack frame, 
10-13 



Floating-point numbers, 
accumulators , 6-19 
accuracy, 6-26, B-14 
discussion, 6-19 
format, 6-20, B-12 
FORTRAN 66 considerations, 

6-26 
instructions, 6-22 
manipulation of, 6-23 
normalization, 6-23, 6-25, 

B-12 
precision, 6-26, B-15 
register overlap with field 

registers, 6-17, 6-21, 9-20 
roxmding, 6-24, B-13 
zero, 6-23 

FIR (See Field length register) 

FORTRAN 66 considerations, 6-26 

Fraction, 6-19 

Free pointer, 8-3 

Function field, 11-4 



Gate access, 8-7 

Gate segments, 8-7 

General register relative ( See 
GRR) 

General registers, 

alteration during procedure 
call, 8-15 

GRR, 3-2, 3-1, 3-10. 3-11, 3-14, 
3-21 

GRR addressing, 3-10 

Guard bits, 6-23, B-12 



H 



Halfwords, 3-1 
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Hardware page map taJble, 4-18, 
4-29 

Hashing algorithm (See STLB: 
hashing algorithmj" 

Hit rate, 2-3 

HMAP, 
discussion, 4-18 
entry format, 4-18 
use during axJdress translation, 
4-29 

Hone37well 316 and 516, 3-12 



I mode, 
behavior relating to 5-stage 

pipeline , 1-9 
discussion, 3-11 
perfoiinanoe, 1-9 

I/O, 
discussion, 11-1 
mapped, 11-13 

I/O Controller, 11-1, 11-i 

Immediate types, 3-20 

In Dispatcher bit, 9-29 

INA action, 11-9 

Index register, 
discussion, 3-7 
relationship to offsets, 3-4 

Indexed addressing, 3-8 

Indirect addressing, 
argument templates, 8-6 
calculation of pointers, 8-11 
discussion, 3-8 
format, 3-3, 3-4, 3-20 
long form, 3-9 
multiple levels, 3-8 
pointers, 3-20, 8-6 
relationship to offsets, 3-4 
short form, 3-8 



Indirect bit, 
16S mode, 3-29 
32R mode, 3-24 
32S mode, 3-31 
64R mode, 3-27 
discussion, 3-6 

Indirect indexed address, 3-10 



Indirection chain, 
32R mode, 3-24 
32S mode, 3-31 
discussion, 3-8 
involving indexing. 



3-10 



Input /output, 
discussion, 11-1 
mapped, 11-13 



Instruction format, 
16S mode, 3-28 
321 mode, 
32R mode, 
32S mode, 
64R mode, 



3-20 

3-22 

3-30 

3-25 
64V mode long and indirect, 

3-17 
64V mode short form, 3-15 
typical, 3-6 

Instruction set, 
address manipulation, 6-9 
argument transfer, 8-14 
eurithmetic overflow, 5-9 
bit manipulation, 6-2 
branches, 7-1 
chaxaxjter strings, 6-38 
checksum, 6-2 

clear register /memory, 6-16 
conditional store, 6-13 
conversion between fixed- and 

floating-point , 6-29 
data movement, 6-10 
datatypes, 6-1 
deadlock prevention, 6-13 
decimal. 6-37 
decimal control word format, 

6-34 
effect address calculation, 

6-9 
EIO, 11-2 

fast array reference, 6-9 
fast decrement by one or two, 

6-7 
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Instruction set (continued) 
fast increment ty one or two, 

6-4 
fast setting of bits in A, 6-7 
faults. 10-10 
fixed-point data, 6-10 
f loatiag-point , 6-22 
floating-point accuracy, 6-27 
handling large integers, 6-4 
input/output, 11-2 
input /output operative actions, 

11-9 
interrupt handling, 10-4 
interval clock, 10^7 
interval timer, 9-26 
invalidating lOTLB, 11-15 
jumps, 7-6 
keys, 5-8 

lock iirvplementation, 6-13 
logic instructions, 6-2 
modals, 5-4 

overlapping strings, 6-39 
phantom interrupt, 10-4 
PIO, 11-2 

procedure call, 8-2 
process exchange, 9-7, 9-9 
process exchange on the Prime 

850, C-6 
process timer, 9-26 
queues, 6-4:5, 6^i6 
ready list, 9-13 
restricted instructions, 5-11 
resTilts of comparisons, 5-9 
returning from procedures, 

8-15 
semaphores, 9-7, 9-9 
semaphores on the Prime 850, 

C-6 
shift instructions, 6-14 
shifts versus rotates, 6-15 
signed integers, 6-4 
skips, 7-1 

special load/store, 6-13 
wait list, 9-9 



Integers, 6-3 

Integrity, 
maxdiine check, 5-4 
protection rings, 2-6 

Interrupt response code, 10-3 

Interrupts , 
disabling, 5-4 
discussion, 10-3 
enabling, 5-4 
external, 10-3 
inhibiting , 5^ 
memory increment, B-19 
response code, 11-11 
response time, 11-11 
standard, 5-4 

standard interrupt mode, B-21 
vectored, 5-4 

Interval clock, 10-46, B-27 

Interval timer, 9-25, B-18 

Inward calls, 8-1, 8-7, 8-15 

IOHB, 
address format, 11-14 
discussion, 11-14, B-27 
entry format, 11-15, B-27 
mapping information, 11-14 

IX mode (See GE?R) 



J-ump instructions, 7-6 



Instruction stream, 

altering sequential flow, 7-1 
self -modifying code, 1-9 
storing data into, 1-9 

Instruction stream uPiits , B— 3 , 
C-1 

Instruction unit, 1-2, 1-7, B-2 



Keys, 
CALF stack frame, 10-13 
CBIT, 5-9 

condition codes, 5-9 
discussion, 5^ 
ECB, 8-5 

format in S and R modes, 5-5 
format in V and I modes, 5-6 
instructions , 5-8 



Second Edition 



X-8 



INDEX 



Keys Coontlniied) 
LINK, 5-9 
PGL, 8-10 
PRTN, 8-15 
Stack frame, 8-4 
tmdefined settings, 5-10 



L bit, 8-6, 8-14 

Last bit, 8-6, 8-14 

LINK, 5-9 

Link base (LB) , 
base register field, 3-7 
CALF stack frame, 10-13 
BCB, 8-5 

introduction, 3^ 
offset , 3-16 
PCL instruction, 8-10 
PRTN instruction, 8-15 
stack frame, 8-4 

Load/ store special instructions, 
6-13 

Locks, B-3, B-5 

Logic instructions, 6-2 

Logical shift instruction, 6-14 

Logical values, 6-2 

Long form indirection, 3-9 



M 

Machine dbeck, 
discussion, 10-18 
recoverable ( See Recoverable 
machine check) 

Mapped I/O, 11-13, 11-17. B-27 

Mask word for queties, 6-43 

Master ISU, C-1 



Memory, 
cache, ( See also Cache memory) 
data structures, 4-3 
details of access, 4-19, B-10 
details of address translation, 

4-26 
UIPR format, 4-15 
hardware page map table, 4-18 
interleaving, 2-4 
management, 4-1, B-8 
management data struct\ires, 

4-3 
manager , 2-1 
page faults, 4-29 
parity error, 10-18 
physical (See Physical memory) 
segment descriptor word, 4-16 
timing information, 4-24, 4-26 
virtual (S^ Virtual memory) 

Memory increment interrupt, B-19 

Memory interleaving, 2-A 

Memory manager, 2-1 

Memory parity error, 10-18 

Microcode, 1^, B-2 

Microcode register files, 

for earlier processors, B-18 
for Prijne 2350 to 2755, 9-24 
for PriJne 6350, 9-22 
for Prime 9650 and 9655, &-22 
for Prime 9750 to 9955 II, 
9-22 

Microsecond timer, C-11 

Missing memory module, 10-18 

Modals, 
discussion, 5-2 
format , 5-3 
instractions, 5^ 
MCM field, 10-34 
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Nonindexiiig instructions, 

16S mode, 3-29 

32R mode, 3-24 

32S mode, 3-31 

64R mode, 3-27 

64V mode, 3-19, B-6 



Pages, 
discussion, 2-5 
disk vs. memory, 4-2 
hardware page map table, 4-18 
page fault vector, 10-8 
page faiilts, 4-29 
status checking diaring address 
translation, 4-29 



Normalization, 6-23, 6-25, B-12 
Numbers, 6-3, 6^ 



OCP action, 11-10 

Offsets, 3-2, 3-4 

Operating S37stem, 

access via user programs, 2-5 
automatic shutdown, 10-18 
concealed stack., 10-12 
embedded, 8-1, 8-7, 8-15 
environment sensor support, 

10-18 
gate segments, 8-7 
retioming from inward calls, 

8-15 
segmentation, 2-5 
UPS support, 10-18 
virtual memory management, 2-1 

OTA action, 11-10 

Overflow, 6-23 



Overlap between field and 
■fi oati ptf— -nni •nt: re^^isters 
6-17, 6'^21, 9-20 *' 



OWNER, 9-20 
OWNERH, 9-2, 9-20 



PCB, 
concealed stack, 10-11 
discussion, 9-2 
fault vectors, 10-7 
format , 9-3 

format for Prijte 850, C-4 
interval timer, 9-25, B-18 
OWNERH, 9-2, C-3 
Prime 850 dispatcher, C-12 
Prime 850 format, C-3 
PX lock, C-6 
wait list, 9-7 

PCBA and PCBB, 9-5 

Performance , 
burst-mode EMA, 11-18 
burst-mode EWT, 11-20 
character manipulation 

instructions , 6-38 
fast array reference 

instructions , 6-9 
fast decrement instructions, 

6-7 
fast increment instructions, 

6-4 
fast setting of bits in A, 6-7 
mapped I/O, 11-13, B-27 
pipeline flushing , 1-9 
public vs. private shared 

segments, 4-21 



Pi -ntf mem.or^' axx)ess 



4.-Q1 



Phantom interrupt code, 10-4 

Physical memory, 
addressing, 3-1 
conversion from virtual 

address, 4-2 
data structiires, 4-3 



Packed decimal data, 6-33 
Page map table, 4-17, 4-2s 



4-26 
discussion, 2-2 
nrAR format, 4-15 
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Physical memory (continued) 
elements, 2-2 
error detection and correction, 

2-4, B-5 
haxdwaxe page map tsLble, 4-18 
interleaving, 2-4, B-5 
introduction, 2-1 
packaging, 2-4, B-5 
page faults, 4-29 
pages, 2-3 

segment descriptor word, 4-16 
size of, 3-1 
STLB, 2-8 

timing information, 4-24, 4-26 
translation from virtual 
memory, 4-1 

Physical queues, 6-41 

PIO, 
communications controller 

addresses, 11-7 
controller address assignments, 

11-5 
controller ID numbers, 11-7 
discussion, 11-2 
EIO effect on condition codes, 

11-10 
instructions , 11-2 

Pipeline, 

2-plhase, 1-9 
5-stage, 1-7 
explicit flxish ty instruction 

stream, 1-9 
flushing, 1-9 
handling invalidation via 

branch cache, 1-9 
introduction, 1-7 

PMT, 
discussion, 4-17 
entry format, 4-17 
■ose diu-ing address translation, 
4-29 

Pointer , 
argument , 8-6 
bit nvimber, 3-9 
discussion, 3-9 
extension bit, 3-9 
fault bit, 3-9 
indirect, 8-6 



Post indexed addressing, 3-10 

Power-up, 
initialization values, A-2 
process, A-1 

PPA and PPB, 9-5 

Preindaaed addressing, 3-10 

Prime 150 (See Earlier 
processors) 

Prime 2250 (See Earlier 
processors) 

Prime 2350 (See individ-ual 
subjects) 

Prijne 2450 (See individ\aal 
subjects) 

Prime 250 (See Earlier 
processors) 

Priite 250-11 (S^ Earlier 
processors) 

Prime 2550 (S^ individvial 
subjects) 

Prime 2655 (See individiial 
subjects) 

Prime 2755 (See individual 
subjects) 

Prijne 350 (See Earlier 
processors) 

Prime 400 (See Earlier 
processors) 

Prime 450 (See Earlier 
processors) 

Prime 500 (See Earlier 
processors) 

Prime 550 (See Earlier 
processors) 

Priite 550-11 (See Earlier 
processors) 
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Prime 6350 (S^ individual 
subjects) 

Prime 650 (See Earlier 
processors) 

Projne 750 (See Earlier 
processors) 

Prime 850 (See Earlier 
processors) 

Prime 9650 (See individual 
subjects) 

Prime 9655 (See Individual 
subjects) 

Prime 9750 (See individual 
subjects) 

Prime 9755 (See individual 
subjects) 

I^ime 9950 (See iixiividual 
subjects) 

Prime 9955 (See individual 
subjects) 

Prime 9955 II (See individual 
subjects) 

Prime 1450 ( See Earlier 
processors) 

PRIMOS (See Operating system) 

Priority headers, 9-5 

Procedure base (PB), 
base register field, 3-7 
CALiF stack frame, 10-13 
introduction, 3-3 
PCL instruction, 8-10 

Procedure control block ( See 
PCS) 

Procedures , 

address of current link frame, 

3^ 
address of current stack frame, 

3-i 



Procedures (continued) 
address of currently active 

procedure, 3-3 
affected registers, 8-15 
argument transfer instruction, 

8-14 
details of calling, 8-7 
discussion, 8-1 
BCB, 8-5 

gate segments, 8-7 
inward calls, 8-7 
PCL instruction, 8-2 
returning to caller, 8-15 
stack management, 8-2 
types of calls, 8-1 

Process exchaiige mechanism, 
affecting break handling, 10-2 
affecting interrupt handling, 

10-1 
check handler operation, 10-35 
discussion, 9-1, C-1 
dispatcher, 9-16, 9-27, B-18 
dispatcher operation, C-11 
dual-stream processors, C-1 
example of ready list use, 9-6 
fault servicing, 10-12 
instructions, 9-9 
interval timer, 9-25, B-18 
HCfTIFY on Prime 850, C-9 
OWNER, 9-20 
OWNERH, 9-2, 9-20 
PCS, 9-2 

PCaBA and PCBB, 9-5 
PPA and PPB, 9-5 
priority headers, &-5 
PX lock, C-3 
ready list, 9-2 
register files, 9-17 
semapihores, 9-7 
wait list, 9-7 

Processes, 
dispatcher, 9-16, 9-27, B-18 
fa'ult vectors, 10-7 
implementation on single-stream 

processors, 9-1 
instructions for scheduling, 

9-9 
interr^l timer, 9-25, B-18 
introduction, 8-1 
PCB, 9-2 
process exdiange mechanism, 

9-1 
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Processes (csontinued) 
process exchange on Prlne 850. 

C-1 
register files ( See User 

register files) 
semaphores, 9-7 
wait list, 9-7 

Processor board overtemperature 
sensor, 10-18 

Progrsun coxmter, 
relationship to PB, 3-4 
transferring control. 8-1 

Programmed I/O (See PIG) 

Protection rings, 2-6, 3-2 

Pure procedure, 1-9 

PX lock, C-3, C-6 

PXM (See Process exchange 
mechanism) 



QCB, 

alignment , 6-42 
discussion, 6-41 
format , 6-42 

Quad precision floating-point, 
6-19 

Queue control block, 6^1, 6-42 

Queries, 

algorithms, 6^4 
discussion, 6-41 
instructions, 6-^5, 6-46 
mask word, 6-43 
maxlinum nxunber of elements, 

6-34 
physical , 6-41 
Prime 850 locks, B-5 
virtual , 6-41 



R mode, 
behavior relating to 5-stage 

pipeline, 1-9 
discussion, 3-12 
index limitations, 3-8 
input / output , 11-2 
introduction, 3-12 
performance, 1-9 

Ready list, 
data base, 9-5 
discussion, 9-2 
example , 9-6 
exanrple with associated PCB 

lists, 9-4 
instructions , 9-13 
Prime 850, C-6 

Recoverable macihine dheck, 
10-18, 10-36, 10-37 

Register file, 

actions during interrupt 

handling, 10-3 
allocation for 2350 to 2755, 

9-17 
allocation for 6350, 9-16 
allocation for 9650 aol 9655, 

9-17 
allocation for 9750 to 9955 II, 

9-16 
allocation for earlier 

processors , B-17 
arithmetic exceptions, 10-16, 

B-22 
check haixHing by processor, 

10-34 
decimal instructions, 6-36 
direct addressing, 9-21 
rWA channels, 9-21, 11-16 
floating-point registers, 6-19 
interval timer in dispatcher, 

9-27, B-18 
manipulation by dispatcher, 

9-28 
microcode scratch for earlier 

processors, B-18 
microcode scratch for Prime 

2350 to 2755, 9-24 
microcode scratch for Prime 

6350, 9-22 
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Register file (continued) 
microcode scratch for Prime 

9650 emd 9655, 9-24 
microcode scratch for Prime 

9750 to 9955 II, 9-22 
NOTIFY instruction, 9-13 
Prime 850, C-10 
Prime 850 dispatcher, C-12 
register-t o-register 

jjostructions, 6-13 
relationship to processor, 1-5 
restoring , 6-13 
save hy NOTIFY instruction, 

9-13 
saving, 6-13 
short save by WAIT instruction, 

9-9 
TIMEKH and TIMERL, C-11 
use by dispatcher, 9-27, B-18 
user processes (See User 

register files) 
WAIT instruction, 9-9 



Rounding, 6-24, B-13 



S bit, 8-6. 8-11, 8-15 

S mode, 
behavior relating to 5-stage 

pipeline, 1-9 
discussion, 3-12 
index limitations, 3-8 
input / output , 11-2 
introduction, 3-12 
performance, 1-9 

Save Done bit, 9-28, C-12 

SET, 4-16, 4-29 

sew, 4-16 



Register overlap between field 
and floating-point registers, 
6-17, 6-21, 9-20 



Sector, 
addressing current, 3-29, 3-31 
discussion, 3-12 



Restricted instructions, 
discussion, 5-1 
list of, 5-11 

Result of the chain. 3-8 

Ring 0, 

queues , 6^2 

restricted instructions, 5-1 

Ring 2, 4-21 

Ring numbers, 

calculation during procedure 

call, 8-7 
calculation during prooed'ure 

return, 8-15 
discussion, 3-2 
queues, 6-^i2 

restricted instructions, 5-1 
undefined results, 4-21 
weakening during memory access, 

4-21 

Rii^s Of protection, 2-6, 3-2 
Rotate instiTictions , 6-14 



Security and protection rings, 
2-6 

Segment descriptor table, 
discussion, 4-16 
use during address translation, 
4-29 

Segment descriptor word, 
discussion, 4-16 
entry format, 4-16 

Segment numbers, 
discussion, 3-2 
use during address translation, 
4-29 

Segment Table Lookaside Buffer 
( See STLB) 

Segment Table Origin Register, 
4-15, 4-29 

Segmentation and STLB, 1^ 
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Segments, 
access rights, 4-16 
CALF stack frame stack root, 

10-13 
dedicated to PCB, 9-2 
descriptor words, 4-16 
discussion, 2-5 
faults, 4-29 
gate access, 8-7 
numbers , 3-2 
protection rings, 2-6 
segnvent fault handling, 10-8 
segmented mode, 3-16 
shared, 2-5, 4-19 
stack ejctension, 8-2 
stack root, 8^, 8-5 
traiisferring program control 

between, 7-1, 7-6 
unshaxed, 2-5 
use of segment for check 

vectors, 10-21 
use of segment 4 for check 

headers, 10-21 

Self -modifying code, 1-9 

Semaphores, 9-7 

Shared subsystem implementation 
via segmentation, 2-5 

Shift instructions, 6-14, 6-15 

Short form indirection, 3-8 

Signed integers, 
formats , 6-3 
instructions , 6-4 

Single precision floating-point, 
6-19 

Single-sti'eam architecture, 1-2, 
B-2 

Skip instructions, 7-1 

SKS action, 11-10 

Slave ISU, C-1 



Stack, 
allocation, 8-10 
allocation of argument 

pointers, 8-14 
argument transfer instruction, 

8-14 
caller's state saved, 8-10 
concealed, 10-10 
deallocation by ret\iming, 

8-15 
discussion, 8-2 
ECB, 8-5 

extension pointer, 8-3 
extension segments, 8-2 
frame format, 8-4 
frame size, 8-5 
frames, 8-3 
header, 8-2 
stack root, 8-2, 8-4, 8-5 

Stack base (SB) , 
base register field, 3-7 
CALF stack frame, 10-13 
introduction, 3^ 
stack allocation, 8-10 
stack deallocation, 8-15 
stack frame, 8^ 

Standard interrupt mode, B-21 

STLB, 
access details, 4-19, 4-24 
details of access, 4-19, B-10 
discussion, 1-4:, 1-10, 2-8, 

B-2 
entry format, 4-5, B--8 
hashing algorithm for earlier 

processors, B-9 
hashing algorithm for Prime 

2350 to 2655, 4-12 
hashing algorithm for Prime 

2755, 4-10 
hashing algorithm for Prime 

6350, 4-7 
hashing algorithm for Prime 

9650 and 9655, 4-12 
hashii^ algorithm for Prime 

9750 to 9950, 4-9 
hashing algorithm for Prime 

9955 and 9955 II, 4-7 
lOIIE, 11-14, B-27 
use during address conversion, 

4-2 
use during procedure call, 8-7 
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Store bit, 8-6, 8-11, 8-15 

Streeun synchronization unit, B-3 

String memipulation, 
examples , 6-38 
field operation instructions, 

6-17 
instructions , 6-38 

Subroutines ( See Procedures) 

Syndrome bits, 
discussion, 10-42 
for Priite 6350, 10--i2 
for Prime 9750 to 9955 II, 

10-i3 
for rest of 50 series, 10^34 

System overview, 1-1, B-2 



U 



Underflow, 6-23 

Unpaxiked deciJtial data, 
discussion, 6-32 
format , 6-32 

sign/digit representations for, 
6-33 

UPS support, 10-18 

User register files, 
discussion , 9- 17 
mnemonics used, 9-18 
overlap between field atxi 

floating-point registers, 

6-17, 6-21, 9-20 
OWNER, 9-20 
structure, 9-19 



Tag modifier, 3-20 

Tine-sharing ( See Process 
exdhange mectianism) 

Traps, 

access violation, 10-41 

cache parity error, 10-40 

discussion, 10-37 

rWx, 10-44 

error correcting code, 10-42 

fetch cycle, 9-30, 10-^5, 

10-46 
hard parity error, 10-40 
machine check, 10-44 
missing memory module, 10-41 
page modified, 10^1 
read axMress, 10-41 
restricted instruction, 10-45 
software breaks, 10^5 
STLB miss, 10--41 
STLB parity error, 10-40 
types and priorities, 10-37, 

B-26 
write address, 10-^44 



V mode, 
behavior relating to 5-stage 

pipeline, 1-9 
discussion, 3-11 
index limitations, 3-8 
input/output, 11-2 
performance, 1-9 

Virtual address format, 3-3, 4-2 

Virtual memory, 

addressing , 3-1, 4-1 
conversion to pihjTSical address, 

4-2 
data structures, 4-3 
details of access, 4-19, B-10 
details of address translation, 

4-26 
discussion, 2-5 
HTAR format, 4-15 
hardware page map table, 4-18 
introduction, 2-1 
page faults, 4-29 
pages, 2-5 

protection rings, 2-6 
segment descriptor word, 4-16 
segments , 2-5 
size of, 2-5, 3-1 
space, 2-5 
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Virtvial memory (continued) 
STLB, 2-8 

timing information, 4-24, 4-26 
translation to physical memory, 

4-1 
use of disks, 2-5 



Virtual pages. 


2-5 




Virtijal. queues, 


, 6-41 
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Wait lifTt, 9-7 to 9-9, 


C-6 


Words, 3-1 
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X register, 3- 


-7, 8-11 
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Y register, 3- 
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Zero , 6-23 
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